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Oliasettee  of  an  Ellipse  and  of  a  Hyperbola.  By 
Frofeeaor  Tait.  (With  a  PlateL) 
{Bead  December  16,  18SS.) 
'  I^at  sammer,  vfaile  engaged  wiUi  some  qnateniion  investigatioiia 
connected  with  Dr  Plan's  problem  (Uie  locns-boondary  of  the  points 
of  contact  of  an  ellipsoid  with  three  rectangnlat  planes)  I  was  led 
to  constnict  the  glissettes  of  an  ellipse.  I  then  showed  to  the 
Society  a  series  of  these  coiioos  curves,  drawn  in  my  laboratory  by 
Mx  Shand,  who  had  constrnctod  for  the  pnrpose  a  very  true  elliptic 
disc  of  sheet  brass.  I  did  not^  at  the  time,  think  it  necessaiy  to 
print  my  paper;  but,  aft«T  the  close  of  the  session,  I  made  the 
curious  lematk  that  precisely  the  same  curves  can  be  drawn  each  as 
a  glissetto  of  its  own  special  hyperbola.  This  double  mode  of  sliding 
generation  of  the  same  curve  seems  to  possess  interest  It  is  some- 
what puxzling  at  first,  since  the  ellipse  tame  completely  round,  while 
the  hyperbola  can  only  osciUatsL  But  a  little  consideration  shows 
the  cause  of  liie  coincidenoe. 

Let  O  be  the  origin,  C  any  position  of  the  centre  of  the  ellipse^ 
CA  Aat  of  the  m^'or  axis,  and  P  the  conesponding  position  of  the 
tracing  points    l^is  does  not  require  a  ^nre. 

Thea  it  is  easy  to  see  that  if  ^  be  the  inclination  of  OC  to  one  of 
the  guides,  $  that  of  CA  to  the  same,  we  have 

^/a'cos*fl  +  6»Bin*fl=  J^J+^tOBtj, . 
But  this  gives 

^/a»coe»^-6%in*^  -  iJa'-tAxeS, 
which  is  the  coTTseponding  relation  for  the  hyperbola.    In  fact  the 
one  equation  is  changed  into  the  other  by  changing  the  sign  of  I^, 
and  interchanging  the  angles  $  and  ift. 

Let  the  polar  coordinates  of  the  tracing  point,  tefemd  to  the 
centre  of  the  ellipse  and  the  m^'oi  axis,  be  r,  a,  we  obtain  a  position 
of  F  by  the  broken  line  OC,  CP ;  their  lengths  being  Ja*  +  6*,  r, 
and  their  inclinations  to  the  guide  ^S+a,  respectively. 

If  we  now  tnm  the  guides  throngh  an  angle  a,  and  use  a 
hyperbola  whoee  axes  are  to ;  those  of  the  ellipee  respectively  as 
r:  Ja^'-tf;  and  consider  the  curve  traced  by  a  point  Q  in  its 
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plane,  irhoM  central  polar  cooidinatea  an  -J a*  +  i*,  -  a ;  the  position 
of  the  point  Q  is  given  by  the  broken  line  OC.CQ.  Of  these  OC 
is  eqnal  and  parallel  to  CP,  -while  CQ  is  eqnal  and  parallel  to  OC 
Thus  the  points  Q  and  P  coincide. 

In  foct  the  motion  of  either  is  the  resultant  of  two  circular 
motions,  one  of  which  is  complete  (viz.,  6,  which  has  all  valaee  &om 
0  to  2r),  the  other  reciprocating  (tie.,  ^  which  varies  'between 
wn-'(*/  VaHF)  and  8in-'{a/  V^+F)).  But,  in  the  case  of  the 
ellipse,  tiie  centre  has  the  reciprocatii^  motion;  while,  in  the 
hyperbola,  it  describee  the  complete  dicnlar  path. 

Hr  Shand  has  constmcted  a  hyperbolic  disc,  comprising  a  con- 
dderalde  portion  of  each  of  the  branches  of  the  curve,  and  it  gives 
very  fair  glissettes.  It  is  very  cnrions  to  watch  the  proper  point  of 
the  hyperbola  glidii^  over  the  cnrve  abeady  traced  hy  the  ellipse. 
Bat  this  appaiatns  is  not  so  easily  managed  as  is  the  elliptic  disc,  so 
that  the  figures  in  the  pbte  were  drawn  by  means  of  the  latter,  and 
reproduced  on  a  diminished  scale  by  photolithography. 

To  exhibit,  by  a  few  forms,  as  completely  aa  possible  the  general 
nature  of  these  glissettes,  I  selected  a  series  of  tracii^  points  eqoi- 
distant  from  the  centre  of  the  ellipse,  and  situated  witiun  and  on 
the  boundaries  of  the  various  r^ons,  to  each  of  which  bekngs 
a  special  form.  For  this  purpose  I  traced  the  cnrve  formed  by 
sncceaEdve  positions  of  the  instantaneous  centre  of  rotation  on  the 
diso^  The  disc,  with  this  cnrve  on  it,  is  represented  in  the  npper 
oenttal  Ggnie.    The  equation  of  the  curve  is 

It  is  easUy  traced  as  follows.  Draw  the  ellipse  whose  semiaxas 
parallel  to  x  and  y  respectively  are 

diminish  every  isdiaa  vector  in  proportion  to  the  corine  of  double 
the  angle  vector ;  and  then  diminish  the  oidinates  In  the  ratio  h  :  a, 
90  that  the  ellipse  itself  becomes  a  circle. 

In  the  disc  from  which  the  glissettee  were  drawn,  a  (rather  more 
than  a  foot  in  length)  was  made  doable  of  b. 
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This  eq^uation  saggested,  as  a  nsefdl  distance  of  the  tndug  point 
from  the  centre,  the  quantity 


and  accordingly  tiia  points  0,  A,  B,  C,  D,  E,  F  were  taken  on  the 
coirefiponding  circle.  The  gliaaettee  of  B  and  D,  of  comae,  have 
cnapa  : — and  it  is  interesting  to  study  the  chaogea  of  form  from  one 
to  the  next  of  the  seven  just  named.  Two  groups  of  fignraa  ^ve  the 
glissettea  of  saccesaiTe  points  on  each  of  the  axes  separately,  viz., 
G,  0,  E,  M  on  the  nu^or  axis,  and  J,  F,  L,  N  on  the  minor.  Of 
these  E  and  L  hare  cuspe.  The  figures  Q,  H,  J  veie  drawn  to 
show  how  the  glissettes  of  points  near  the  centre  approximate  to 
the  (theoretical)  four  cospe  which  belong  to  the  path  of  the  centre 
itself^  the  finite  circular  arc  described  four  times  over  durii^;  a  com- 
plete rotation  of  the  ellipse.  The  point  P  was  chosen  as  close  as 
possible  to  the  intersection  of  the  ellipse  and  the  centrode. 

The  locus  of  the  instontaneoos  axis  in  the  guide-plane  is  of  no 
special  interest.  It  is  easy  to  construct  it  geometrically  from  its 
polar  equation,  which  may  be  written  generally  as 

r(2  ^^TP"-r)-4o!6»/(<^+6S)sin»2tf , 
or  in  the  present  special  case 

r<*/Bo-r)  =  4aV6«in*2«. 
It  is  an  ovoid  figure,  symmebically  situated  between  the  guides, 
with  its  Unnter  end  turned  from  the  origin. 

The  equation  of  the  glissettes  is  foand  by  eliminating  6  between 
the  equations 

as-  Ja^txuM +  lAAo.'e  +  reoe{$  +  a), 
y=  Vn*sinW  +  &»cosS*  +  ran($  +  a). 
This  seems  to  lead  to  a  relation  of  the  12th  d^ree  in  z  and  y ;  but 
it  most  contun  a  sporions  factor,  as  Professor  Cayley  informs  me 
the  final  result  ought  to  be  of  the  8th  degree.  And  in  fact  we  see 
at  once  that,  if  the  tracing  point  be  at  a  very  great  distance  from 
the  centre  (in  comparison  with  the  n^jor  axis  of  the  ellipse)  the 
gUssette  will  consist  practically  of  four  circles,  with  centres  in  the 
four  ijuadtants  between  the  guide-lines. 
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ObeeFveAiooB  npon  the  Struoture  of  a  OennB  of  Oligo- 
obsta  belonging  to  the   Limiooline  Beotion.     By 
Frank  B.  Beddard,  MLiu,  F.R8.E.,  Protector  and  Diwit 
Ledttrer  to  Me  Zooiogkal  Socidy  of  London. 
(Bead  DeoBmber  IS,  1889.) 
{Abgtrad.) 

The  pieeent  paper  refers  to  a  nnmber  of  apacimeiu  of  Momligatter, 
Bome  of  vUch  belong  to  the  species  Moaaiffoster  Betrtedii  alieady 
briefly  dsecribed  by  myeelf  ;*  othen  (om  otlier  at  least)  are  possibly 
referable  to  a  distinct  species.  I  do  not,  hovever,  give  this  species 
ft  name,  principally  for  the  reason  that  it  will  very  poBsibly  torn 
oat  to  be  identical  with  one  or  other  of  the  species  recently  noted 
by  Profesaor  A-  Q-  Bourne  from  the  Xilgiria  and'SheTaroya.  I  am 
not  at  all  certain  that  M.  BwneeOi  is  not  identical  with  his  M. 
minuttie.  The  prment  paper  contains  a  fuller  account  of  the  repro- 
dnctire  organs  than  I  have  yet  given,  but  unfortunately  it  will  be 
still  found  to  be  incomplete  in  certain  particulars;  aome  of  these 
gape,  e.g.,  the  ditellum  and  the  egg-sacs,  are  filled  np  by  Bourne's 
paper,  aasnming  of  course  that  the  chanctera  of  these  organs  as 
ff.na  by  Bonnie  will  torn  out  to  be  generic,  which  is  likely.  The 
present  paper  eonbuns  some  account  of  the  other  oi^ans  <^  the  body, 
which  has  not  yet  been  pnblished. 

Aa  I  have  taken  pains  in  common  with  other  naturalists  to  point 
ont  that  the  Oligodueta  cannot  be  divided  into  "Limicola  "  and 
"  TerriealtB,"  it  may  seem  illogical  to  speak  of  a  "Limicoline 
Section."  As,  however,  I  regard  most  eartiiworms  as  forming  a 
distinct  group  maiked  off  trom  other  OUgoduata,  it  is  convenient 
to  have  an  expression  for  Oligochnta  which  agree  in  turf  being 
"  Terrieda;"  for  this  purpose  the  terms  "  Limicolie  "  or  "  Limicoline 
Section  "  are  mode  use  of  simply  as  a  matter  of  convenienoe. 

I  consider  (in  opposition  to  Dr  Bosa)  that  MonUigaeter  is  not  sn 
earthworm  except  la  habit;  its  affinities  with  earthworms  are 
chiefly  shown  in  the  presence  of  gizzards,  in  the  thickness  of  body 

'  IgirenonranneM  toliteratnrs  Inthis  Abttnet;  they  will  bsfovnd  in  the 
complete  fepff  ■ 
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walls  and  septa,  partdcularlj  in  the  anterior  r^ion  of  Uie  body,  and 
in  the  correBponding  TBScnlarity  of  the  integnmental  layers. 
It  diffets  from  aU  earthwomu  in  the  following  pointa: — 

1.  The  vas  deferens  is  single  on  each  aiile;  it  only  ooenpiee  a 
single  s^ment,  or  at  most  two. 

2.  Then  is  only  a  angle  pair  of  testes,  iriiidi  may  be  xa 
segment  IX 

3.  The  spenn-sacB  ara  a  ungle  pair  with  a  ample  cavi^,  t.8., 
not  divided  up  by  trabecnlie. 

4.  The  atrium  opens  on  to  X/XI;  its  strnctoro  ie  that  of  the 
atriom  of  Rkynehelmu. 

6.  The  oviduct  opens  into  s^ment  XI. 

6.  The  clitellum  occupies  aqpnents  X-XHL 

7.  The  ^g^sacs  aie  vety  large,  occni^ing  abont  three  segments. 
In  these  pointo  it  approaches  varions  limicoline  genera. 

The  following  an  the  principal  facts  in  the  anatomy  of  my  spetnea 
of  MmtUigaster.  Those  statements  marked  with  ■  daggtf  (f)  an 
made  for  tho  fii&t  time  in  the  present  paper: — 

tl.  The  proetomiftm  is  very  small,  not  extending  on  to  the 
periBtomial  s^ment. 

2.  The  setcB  ate  strictly  paiied,  and  entirely  npon  the  ventral 
surface  of  the  body. 

t3.  The  letfB  an  not  peculiar  in  shape,  bnt  like  those  of  earth- 
worms; only  the  anterior  pairs  an  larger  than  the  posterior 

14.  Then  an  no  penial  or  cop%Aatory  aeta  (I). 

tS.  Dorsal  porea  are  present. 

-|-6.  The  meaetUa-ieg  separating  segments  Y/VI,  VI/VII, 
Vn/Vm,  VUI/IX  are  very  much  thickened. 

t7.  The  hearts  an  in  se^pneuta  VI-XIV,  and  ore  of  targe  mse. 

fS.  The  alimentary  tract  begins  with  a  buccal  cavity  leading 
into  a  pharynx;  the  pharynx  is  well  developed^  the  cexphagug  is 
lined  with  a  caticle,  it  is  very  wide;  the  gaxarda  are  three*  in 
number,  and  lie  in  segments  XIV-XVI ;  then  an  no  (1)  caldfirous 
glands. 

t9.  The  nqihridia  commence  in  s^ment  T;  each  has  a  saccular 
diverticulum. 

*  In  one  spednmi,  tut  M.  BanBtUi,  the  gfoBids  an  aitiutsd  further  back, 
bot  I  am  not  nue  how  many  tbere  are,  and  where  they  b^gin. 
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flO.  The  UOet  an  oitlieT  {M.  Banedli)  in  Begmeat  IX,  attachad 
to  poeteiioT  mil,  oi  else  in  s^ment  X,  atUched  to  front  wall. 

11.  Tlie  «perm  nea  (ona  pair)  an  in  segmanta  IX  or  X — ia 
ctoraapondenoe  vith  position  of  teatefi ;  thut  cavity  is  nndirided. 

il2.  The  vai  de/ereru  /unneU,  in  accoidance  with  the  vatTing 
poaition  tA  the  testea,  open  into  IXth  or  Xtii  segment. 

13.  The  airium  opens  between  segments  X/XI;  It  has  pndself 
the  atniotoie  of  the  atiiam  of  Bhynehdmit. 

tl4.  The  OBidvcia  ten  in  aegment  XI;  in  the  indindoal  which 
probabl;  belongs  to  a  spedee  distinct  from  M.  Bane^U,  the  OTidncal 
funnel  is  spread  along  the  anterior  &oe  of  the  septum  eeparating 
B^mante  XI/XII. 

16.  The  spermathecB  are  a  angle  pur  in  Vlll;  each  is  a  email 
sac  with  a  vet;  long  coiled  dnct 

These  points  are  in  mj  opinion  sufficient  to  render  it  necessary  to 
legaid  MomligMter  as  the  tjpe  of  a  distinct  family,  not,  as  Bosa 
believes,  of  the  Teiricolie,  but  eu  equal  to  the  Terricolia,  Lnmbri- 
cnlidffi,  Sk.  This  family  has  evident  lelotioiis  on  the  one  hand  to 
the  Terricohe,  and  on  Qie  other  to  the  Lombricalido ;  its  affinities 
however,  to  any  one  family  of  the  Limicols  are  not  marked. 
These  matters  are  discnssed  in  some  detail  in  the  paper,  and  form 
its  conolnding  portion. 


On  Self-oot^ugate  PemiQtatlon&    By  niomaa  Mnir, 

M.A.,  LL.D. 

(Secured  SepL  S.    BMd  D«eeinber  16,  1SS9.} 

1.  Hie  conception  of  eoqjngata  pannatationa  appears  to  be  doe 

to  Bothe.*    The  definition  may  be  expressed  thus: — Tviopermuta- 

Hon  of  the  Humbert  1,  2,  3, .  .  . ,  n  are  eaUed  eoigugate  when  each 

number  and  the  nrnnber  of  the  place  tehieh  it  oeeupiea  in  the  one 

permutation  are  interchanged  m  the  ease  of  the  other.    For  examplei 


3,    8,  6,  10,  9,  i,  6,  1,  7,  2  (A) 

8,  10,  1,     6.  3,  7,  9,  2,  6,  i  (B) 

*  "Uebar  PemntatiDtiut,  in  Bedelmiig  >af  die  Stallen  ibrar 

Samndvitg   eonbinaieriieK-aiialiftuAtr  ^.M^xcUtM^m,   henni^ 

UindanbiiTft  u.  pp.  283-S06. 
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an  ooqjngate,  ttecanee  3  is  in  the  lat  place  of  (A)  and  1  is  in  the 
3rd  place  of  B,  and  bo  on  in  every  case.  A  pennatation  may  be 
conjngate  with  itself.    Thns  the  permutation 

6  3  2  4  6  1 

which  has  6  in  the  lat  place,  has  also  I  in  the  6th  place,  and  eo 
on,  A  Belf-coqjngate  permutation  may  consequently  be  defined 
independently,  as  one  in  which  each  element  is  either  in  its  original 
position  or  haa  taken  part  in  one  interchange. 

Conjugate  permutationB  are  identical  with  those  which  Jacobi* 
calls  reeiproeal,  his  definition  being  that  two  permutations  are  so 
called  when  the  performance  of  the  one  upon  the  other  g^ves  rise 
to  the  primitiTe  permutation.  For  example,  3  6  214  and  4  3  1  S  2 
are  ledpiocal  permutatlone,  because 

(35214)  (431S2)-1234S. 

In  T^ard  to  self-coqjugato  permutations,  there  is  an  interesting 
unsettled  question  which  Bothe  raised,  viz.,  as  to  the  nnmbei  of 
them  coiresponding  to  any  particular  number  of  elements.  Ab  a 
partial  solution  he  gave  the  difference-equation  which  it  satisfies, 
but  nothing  further.  No  proof  even  of  the  equation  was  {^ren,  and 
it  is  the  only  lesult  eo  left  in  his  paper.  Our  present  purpose  is  to 
famish  a  full  solution  of  the  problem. 


2,  The  number  of  telf-cor^ugate  permulatione  of  the  demente 
1,3.8,.  ..  .nw. 

l  +  Co+J.C^«.w+i.i-C^C..^._4,+ 

icAere<WJ«i«rfC„Btenffo/wn(n-l).,,{i»-r  +  l)/1.2.S. . . .  t. 
This  is  best  established  as  it  was  first  obtuned,  viz.,  by  classify- 
ing the  instances  of  self-conjngateneas,  and  then  makiiig  a  census  of 
the  classes.  A  basis  of  clastdfication  exists  in  the  varying  number 
of  elements  retaining  their  primitive  podtions  in  the  permutations. 
Taking  this  bans,  we  see  at  once  that  we  have  to  consider  in  order 
the  classes 

*  "  Da  rornuitione  et  jnopria^biu  determltiuitiam,''  OrdUt  Joum,,  iziL 
p.  287. 
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1.  When  no  element  ii  chBnged  in  position. 

2.  Wheie  two  are  changed. 
"    3.  WheM/oar    .... 

4.  Where  tix 


In  the  firat  class  there  is  manifestly  only  1,  viz.,  the  primitive  per- 
mutation. In  the  second  class  there  are  as  many  as  then  ore 
different  p&iis  of  elements,  viz.,  C^^  for  example, 

2,  1,  3,  4,  6 ,  n,        3,  2,  1,  4,  6, ....  M. 

In  the  case  of  the  thiid  dasa  ve  have  to  find  hovr  many  pain  of 
paiiB  on  possible,  each-  having  the  fonr  elements  involved  all 
different.  For  the  first  of  the  two  pairs  ve  have,  as  has  just  been 
eeeu,  C^^  to  choose  from;  for  the  second  there  are  only  C_j,j  to 
choose  from,  becanse  there  are  two  fewer  elements  to  make  tiie 
pairs  of;  conaeqnently  the  number  Mqoiied  is  jC.,iCa_i,j,  the 
^  being  dae  to  the  fact  that  the  order  in  which  the  two  pain  are 
taken  is  immaterial  In  the  case  of  the  fonith  class,  we  have  to 
ascertain  how  many  triads  of  pairs  are  possible,  each  having  the  riz 
elements  involved  all  different;  and  the  result  is  aimllorly  found 
to  be-T  Cmj  G^-n  ^1-^.1-  ^B  remaining  dosses  manifestly  follow 
the  same  law,  conseciuently  the  proposition  is  established. 

3,  IfU^itand/orthenumbero/idf-eoi^ugatepeTmittaivmaofihe 
^e/neata  1,  2,  3,  .  .  .  ,  n,  then 

u,-iJ,.,+(»-i)Tr,.,.   ■ 

If,  having  examined  the  case  of  the  elements  1,  2,  3, . . . ,  (n  - 1) 
we  bring  our  nth  element »  to  join  them,  it  is  clear  that  we  have 
two  possibilities  to  considei,  viz.  (1)  the  element  n  remaining  in  its 
place,  (2)  the  said  element  suffering  interehonge  with  one  of  the 
others.  Now,  when  it  iraiains  in  its  own  proper  podtiou,  the 
number  of  self -conjugate  permutations  is  unaltered  from  the  provious 
case,  that  is  to  say,  is  U._,;  and  when  it  is  taken  with  one  of  the 
K  - 1  other  elements  to  form  a  paii  for  interchange,  there  will  arise, 
by  rasfion  of  the  remaining  n  — 2  elements,  U,_g  self-coiy'ugate 
permutations,  that  is  to  say,  in  all  (»- 1)  n^.g.  We  have,  conse- 
quently, aa  was  to  be  proved, 
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Aa  there  ie  evidentiy  1  eelf-^oty'ngate  peimutation  when  n—  1, 
and  2  Then  n-S,  tbe  firat  ten  valnea  U.  ua 

U,.  1,       U,  .     76, 

U,-   2,        U,  -  232, 

U,.  4,        U,  .  764, 

C,-10,        C,  -2620v 

U,«26,        U„-9496. 
4.  The  expieflsion  filet  got  for  the  nnmber  of  eelf^uigo^te 
permntatione  ought,  of  cooiae,  to  eatiefy  this  differancooqnetion. 
To  ahow  diroctly  that  it  doea,  it  ia  heat  in  Uie  first  place  to  aimplify 
it  a  UtUe.    The  typical  term 

-^|C„C..„a.i 0..»™, 

1  .[(n  -  1)    (»-2)(»-8)    (»-4)(.i-»)        («-2r-l-2K«-2'-+l) 
"rl    1.2    ■  1.2        •         1.2        ••■•  1.2 

»(»-l)(»-a).  .  .  (n-gr  +  l) 

r\T  ' 

.(.-1X..-2)..  .(f-grtl)     (2r)l 
(2r)l  rtSr 

-C,,».(1.3.5.  .  .2r-l). 

The  whole  expreaaion  coneeqnently  becomea 

1  +  1.C„+1.3C„-H;.3.6C.,  +  1.3.6.7C„+  .  .  . 
Tahing  thia  for  U.  we  have 
+  {m-1)U„,-1  +  1.C,.u+1.3C,.,,,  +  1.S.ISC,.,.,+  .... 

+  (»-l){l  +  l.C..„*1.3C..„+1.3.6C..„+...} 
-l  +  l.|0..„+(»-l)]--fl.S    {o._„+i^c..„} 

..3.5{0..„.fi^'c..„}. 

(2r-l){c..„  +  i^jC..„..}^ 
(2r-l)|c.-„+0..„.,}^ 


+  1 
fiut  the  general  term  on  the  right  here 

-1.3.6 


.1.3.6 

-1.3.6.  .  .  .(2r-l)C. 
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It  thenfoie  follova  that 

U._,+(«-1)U..,-1  +  1.C^,  +  1.5Cm+1-3.6Cm+  .... 

5.  To  every  ptoblem  Ngarduig  the  penuntatioiu  of  1,2,3, . .  ■  itt, 
then  correeponds  a  problem  i^arding  the  tetioB  of  a  determinant. 
What  problem  on  determinants,  then,  coneeponda  to  the  problem 
here  dealt  vithl  The  answer  is  most  easily  perceived  if  the 
elements  of  a  eelf-coiijngate  permatation  be  conradered  the  G<4ama- 
nnmbers  of  the  determinant,  and  as  such  be  suffixed  to  the  row- 
nnmbeta  1,  2,  3, .  .  .  ,  n,  taken  alwa^  in  Uiis  the  natural  order. 
For  example,  it  we  combine  the  row-nnmben  1  2  3  4  5  $  with  the 
aelf-coqjngato  permatation  3614{>2ofthe  column-numberB,  we 
obtain 

a  term  of  the  determinant 

ii.VA'AI. 

and  at  once  see  that  it  posaesees  the  property  of  remaining  un- 
altered when  the  row  and  column  nombers  of  every  &ctot  of  it  are 
interchanged — tliat,  in  fact,  such  an  interchange  merely  alters  the 

order  of  its  six  &ctore,  1 ,,  2^  Sj That  this  is  the  charactetistic 

property  of  such  a  combination  of  row-nnmben  in  the  natoial 
order  with  golomn-nuifibera  in  any  order  constituting  a  self- 
conjugato  permntation  is  evident  on  reouning  to  the  definition 
with  which  we  started.  The  same  property  may  be  expressed  with 
regard  to  the  vertical  line  notation  for  determinonta,  by  saying  that 
the  elements  of  the  determinant  which  compose  the  t«rm  are  cut 
symmetrically  by  the  main  diagonsL  Our  problem  is  thns  trans- 
formed into  finding  the  number  of  terms  of  a  detOTminast  of  the 
nth  order,  which  are  soch  that  the  n  elements  taken  to  form  any  one 
of  them  are  in  the  square  array  distributed  symmetrically  about 
the  main  diagonal  Terma  of  this  kind  may  fitly  be  called  self- 
ctmjngate;  and,  generally,  the  word  co^jngato  may  be  used  in 
le^id  to  the  terms  of  a  determinant  exactly  as  in  r^ard  to  per- 
mutatione.  We  may' even  go  further,  and  apply  it  to  the  element^ 
calling  a,j,  o^,  corrugate;  in  which  case,  two  terms  could  be 
defined  as  conjugato  when  the  elements  of  the  one  were  coiyngato 
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wiQi  the  elements  of  the  other,  and  a  aelf-conjngate  term  is  one 
into  which  there  might  enter  oelf-coDJogate  elements  and  paiie  of 
coiyngate  elementa. 

6.  Developing  any  determinant 

11     13    13     14    Ifi 

21     23    23    24    26 

31     33    33     34    36 

41     42     43     44    46 

61     62     63     54    66 

in  terms  of  binary  prodocta  of  the  elements  of  the  first  row  and  of 
the  first  oolomn,  we  hare  the  unique  product 


11 

22 

23 

24     25 

32    33 

34    36 

42    43 

44    46 

62    63 

64    66 

n-lptodnctoofthetype 

12.2! 

33 

34    36 

43 

44    46 

63 

64    66 

and  <n  - 1)  (n  -  2)  prodacta  of  the  t^pe 

12.31 

23 

24    26 

43 

44    46 

63 

64    66 

Now  each  of  the  products  of  the  first  two  types  consists  of  two 
factors,  one  manifestly  self-conjugate,  and  the  other  a  determinant 
of  a  lower  order  than  the  original  determinant,  but  otherwise  qnit« 
similar  to  it.  On  the  other  hand,  in  the  third  t^icsl  product^  the 
fint  factor  13.31  ia  not  self-coiqugate,  and  the  second  factor  cannot 
fnmish  the  conjugate  elements  21,  13.  These  considerations  give 
us  at  once  the  equation 

U,-.F^,  +  (i»-l)U,.,. 
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7.  In  a  zero-axial  det«rmmant  of  ihe  n&  order,  U.— 0  whatnie 
odd,  and  -  1.3.5 (n  - 1)  vhen  n  U  awn. 

Since  here  11*0,  the  uniqae  piodnct  juat  lefened  to  TEmlshes. 
Coneeqaentlf  the  difierenceequBtion  in  this  case  becomes 

U..(|.-1)U.„,, 
Farther,  in  each  s  determinant  U^  —  0.     Therefore 

0-C,.Uj..  .  .  . 
Again  Uj—l,  therefore 

tr,.».l,      17,-6.3.1 

8.  Betnming  now  to  the  general  determinant,  and  expanding  it 
in  terms  of  uro«xisl  detenninants,  we  obtain 

11  12  13  U  IS 

21  22  23  24  26 

31  32  33  3i  36 

41  42  43  44  45 

61  52  63  64  66 


-»il'VW«"»+S«u»lAa 


.  23  34  26 

32  .  34  36 

42  43  .  45 

52  53  64  . 


45  1 


+  Sau(I„ 


43 


34    36 
46 


63    64 
13    13    14     16 
.      23    24    26 


31     32 

41     42    43 

61    62    63    64 


34    36 


wlieie  nnder  the  first  S  is  iadnded  C^  terma,  under  the  aecond 
Cu,  and  ao  on.  And  since  the  nnmher  of  aeli-conjngate  terma  on 
iiie  one  aide  mnat  he  the  aame  aa  the  nnmher  on  tlie  other,  there  at 
once  leaults  with  tlm  help  of  tlie  theorem  of  the  preceding 
paragraph, 

U.-1+C„.,.l+O„.,.0  +  O,„,.3.1+C„_  .0    , 
+C„„.6.3.1+  .  .  . 
.1  +  1.C„+1.30„  +  I.3.60„+ .  .  . 
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On  a  Bai^dly  Oonverging  Seriee  for  the  Bztraotion  of 
the  8qafu«  Boot.    B7  Thomas  Mnir,  LL.I>. 

(Beceired  October  20.     Read  December  16,  ISSS.) 
It  is  veil  known  that  the  eqnare  root  of  any  comiaensurable 
nnmlieT  N  ia  expieedble  in  the  f  onn 

A+1     1  11 

Oj +  as+  ■*"  +  <!,  +  2A+  *"• 

and  that  the  (e  + 1)*  convragent  to  thie  ii 

K(A.a„a^....,a.)     ^     _^ ,    KK---a^ 
K(ai,ay ,a^  K(«„o„ . . .  ,aj 

when  tiw  continuant  notatton  K(        )  is  explained  by  the  example 

K(<ii,a»aj)=  -1     «s 

.-1      ., 
Sabtiacting  the  (i -f  1)**  coareigeDt  from  the  2(z-)-l)**  we  have 

K(A,ai,Oy . . .  ,aB2A,a„a,  ■  ■  ■  ,a,)    K(A,Oi^ .  ■ .  ,<^) 
K((i„<i,..., 0.21,0,^..., <m  "  K(o,^. ..,«,) 

K(A,a, a.2A,»„...,a,)K(a„...,n.)-K(», ii.8A,a„...,iOK(A,»„...,».) 

K(a„...,<l.,2A,a„...,i>,)K(i.„...,o,) 

(-'W-. -.) 

K(<., n,2A,a„...,iiJK((i oj 

. tzi): ,    . 

K(a„-,o.2A,o„-.,".) 
Sunilailf ,  on  anbtmctiDg  the  2{z  + 1  )*^  oonvergent  from  the  4(z  + 1  )"* 
then  is  obtained 

(-o"^' ,. 

K(ai,...,a„2A,ai,...,a,2A,ai a„2k,a„.  ..,a,)' 

and  so  on  generally,  the  nomeiators  of  the  soccesuve  diffeie&ceB 
being  evidently 
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and  aD7  detiommator  being  got  hj  taking  2A  for  its  middle  element, 
and  writing  the  elements  of  the  pieTiona  denominator  both  in  front 
of  this  2A  and  after  it 
Comluning  these  results,  we  obtain  the  rather  notable  identic 

A+l    1  i     i         .. 

«  +  <«,+ ■••+<'.+2A  + 

.\' ».)      .     ,         <-')• 

-"    K(«„o,...,iiJ  '^K(«, o.2A,o„...,o,) 

1 

"K(a,,...,  oa  2A, Oj...,  o„  2A,  o„...A.  2A,  a,,...,  o.) 

1 ^___ 

"E(ii„...,  2A,...,  2A,...,  2A 2A,...,  2A,...,  2A,...,  2A,...,  a,} 

The  Tapidly  convetging  diancter  of  the  right-liBnd  side  is  nnlnw- 
tek&ble.  There  are,  hovever,  one  or  two  tmtuformatioiu  poadble 
upon  it  which  consideiablj  enhance  ita  value. 

In  the  firat  pkce,  each  denomioator  after  K(a*,  ■■■><!()  can  be 
leaolved  into  factota,  viz., 

K(o„...,o.2A,<i, a,).lK(a, aJK(a, n.A), 

>, 2A,...,2A,...,2A,...,oJ-2K(a, 2A,...,oJK(<^...,2A,...,o,A), 

-2^(<i„...,oJK(a, a.A), 

xE:(<ii,...,2A,...,a„A), 
(a,,...,  2A,...,  2A,..., 2A,..., 2A,..., 2A,..., 2A,...,  2A,..., a.) 

-2'K(0, oJK(o„...,o,A) 

xK(a, 2A,...,0i,A) 

X  K<a, 2A,...,  2A,...,  2A,...,il.A), 


So  that  it  we  pnt  tor  shortneaa'  aake 
Ko-K(fflu. ..,«.), 

Ki-K(o, a„A), 

K,-KK...,o.2A, «,,...,  o.  A), 
E,-K(<i, 2A,...,2A,...,2A,...,a.A), 
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Fn«.div,rlKv'SM,ofEdiv!m<ll^  Ifi^i'**   ' 


,^j 


tbe  ideatit;  beoomw 


-i... 


.+a,+  2A+- 


■  serie.  tor  the  EittMti 


K(a....,.J     (-!)■ 
•^+        K,        +2K,K, 

The  fonith  term  is  then  seea  t 
merely  diTiding  by  2Ky  the  fifth  £ 
2K^  and  so  on. 

In  the  next  place,  each  of  the  K^a  after  K,  is  eaail^ 
from  the  preceding  K.    For  example, 

Kj  -K(ai, . . .  .o,  2A,ai a.  A), 

-K(a,,...,a,,2A)K(ai,...,(^A)+K{a„...(i^K(Oj,.. 
-{2KK....a.A)-KK...o^,)}K(<h,.-.«i«A) 

+K(ai,...,a^K((4,...,<^,A), 
=  2K}-K(ai,...,(i^,)K(ai,...,a,A) 

+  K(ab-,aOK(<i,...,a„A) 
-2KI+ (-!)■, 
the  last  step  being  dne  to  the  fact  that 


yampls 


\ 


Bh. 


,a.A)        K(<i^...,a,.A,) 


KK. 

.,«.)    ■ 

KK... 

,o 

are  really 

K("h.- 

.,a,,A) 

K(a„-.. 

,•,,*) 

K(<H, 

-.».)   • 

KK,.. 

.."h) 

—that  is  to  Bay,  aie  succeeaiva  conveisanta— on  accoant  of  a^. 

being  tlie  Kune  wbm  lead  backwatda  as  when  lead  foiwarde.^ 

Similatly 

K,-2Ki+ 
K..2Ki+ 

-!)■"■ 

\ 


*  Iftbii  were  not  the  cue  we  Bhoald  have— 

-K(oi.-.«.-i)K(o„...,oh,A)  +  KK...,o.)K(<i,...,a 
--K(o„...,n.-OK(<h, ...,<"«  AJ+K(<h,...,<^,  A)K(<i,.., 
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Ab  an  example  of  the  application  of  tlie  seriea  to  the  extrmctioii  of 
the  aqnaie  loot,  let  ne  find  hj  means  of  it  :^300  or  10  ,^3. 
Since 


tfa6  aeries  in  this  caee  ia 
K(8.3) 


■  K(3,8,3)   "   2K(3,8,3)K(3,8,3,17) 

1 

2»K(3,8,3)K(3,8,3,17)K(3,8,3.34.3.8,3,17) 


K(8,3)-25, 
£(3,8,3) -76, 
2K(3,8,3,]7)-2702, 
2K(3,8,3,34,3,8,3,17)  -  (2702)»  -  2 
-7300802 


ao  that  the  series  becomes 


17     +     =FS 


1 


78-2702        78-2702-7300802 
Dividing  1  by  78,  we  obtain 

-0128205     128205    126205    128205     12...; 
Dividing  this  by  2702,  we  obtain 

■0000047    448233    976731     386067    81..., 
and  dividing  thia  by  7300802,  we  obtain 

■0000000    000006     499044    074436     12... 

All  we  have  now  got  to  do  is  to  multiply  the  first  of  these  quotients 

100 
by  -7~,  add  17,  and  subtract  the  sum  of  the  last  two  qaotients. 
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Doing  BO,  we  find  tiie  series 

B    17-320512     620612     820512     620512     62...) 
■000004     744824     047577     546049    39 ...  I 

-    17-320606    075686    772936    271463     4   ...     . 
This  gives  tu 

V3  -1-732050    807668    877293    627446    34..., 
which  is  conect  to  the  last-writton  figure,  that  is  to  say,  to  the 
tieenty-eixth  place. 


Note  on  OayleyB  Demonetration  of  Paaoal's  Theorem 
By  Thomae  Moir.  M.A.,  LL.D. 
(Kacaived  Aug.  17.     Bead  December  18, 1S89.) 
The  demonetration  referred  to  is  given  in  the  Cambridge  MiUhe- 
matiea/  JourtuU,  voL  iv.  pp.  16-20.    It  opens  with  the  enuncia- 
tion of  a  lemma  to  the  effect  that  the  intenectiou  of  the  planes 

a^x-i-bjif+ejZ—O,    OjJ!  +  (^ 4- c^ - 0 , 
the  intersection  of 

dg*  +  frjy + Cg* - 0,    a^x  +b^  +  e^z  =  0, 
and  the  intersection  of 

at,x  +  biy+Cf^~0,    a^  +  6^  +  <:^  =  0 
will  be  in  the  same  plane  if 


Now,  first  of  all,  this  condition  may  be  obtained  in  a  different 
form  aa  follows.  If  (uih^a  ^  "  point  in  the  finrt  intersection,  we 
have  evidently 

fis  ■■  Vis  ■•  Cia--  \h<^\  ■■  Kajl  :  \<hi^ ; 
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and  siiiiilulj 

la  ■■  <lu  ■  Cn  ■■  ■  IVil  ■■  W  ■■  Wll  ^ 
•»S    f«,  :  IM  :  f «  : :  IV.I  ^  K'i  ■  WJ  • 
Conseqaentlf  the  coaditioa  may  be  written 


Mnltipljing  bf 


IVJ   W   KM 

IV.I  k.<g  wj 


"j       *!       «. 


■       KV. 

I«.VJ 

Wi'J       ■ 

KVJ 

KVJ       . 

KW 

and  on  lemoving  from  thU  the  multiplier  jnst  naed,  we  have  the 
condition  in  the  final  form 

I  KVJ    K*!"*!!    „ 

I  KVJ   KVJ  I" 

It  is  shown  to  agree  with  Cayley'a  by  transforming  the  determinant 
of  the  latter  into  an  aggregate  of  prodacta  of  complementary 
minora.* 


*  Since  the  order  of  the  three  points  is  immaterial, 

I  KVJ   W<J|__|KVJ   I'hVJ 


r   lki."J 


K»All. 


It  will  be  found  thit  tha  ncond  of  the  three  detemimanta  u  got  by  nsing 
|il,VJ  instead  of  'fhP^^  for  onr  maltiplier  and  divisor  in  the  foregomg  tnus- 
fonnatioii,  and  the  third  b;  tuing  similaily  joj^e^  This  is  one  proof  of  their 
identity.  Another  conristB  in  pointing  ont  the  dmpla  fsct,  that  to  establieh 
the  identity  of  the  first,  two  is  the  nmess  to  prove  that 

— ■  well-known  identity  of  Bezoat's,  and,  carioiialy  enough,  Giyley'a  second 
lemma  in  this  very  paper. 
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Taking  now  the  six  points  1,  2,  3,  4,  5,  6  whoee  coordinatee  aie 
(xiy,!,),  (x^^^i  . .  ■  ■ ,  and  calling  the  origin  0,  we  have  as  the 
equations  of  the  planes  012,  023,  034, .... 

«|yAl  +  yW  +  i\x^i  -  0, 


and  therefore  the  condition  that  the  intenectiou  of  012,  045,  the 
intersectian  of  023,  056,  and  the  intersection  of  034,  061  will  lie  in 
the  same  plane  is 


M   M 

M 

B-Al   b-W 

^rtl 

W   W   W 

^J   W    Vii 

l»,yj  i-^i  ^J 

f.yj  t«.Jj  t'rfil 

M   h-Al   M 

M   M   fAl 

- 

M   h'J   W 

W   W   IvJ 

t«j. 

h 

«Al  toJ 

f'i'. 

ta.l  KjJ 

The  four  determinants  here,  however,  are  eimplifiable  after  the 
manner  of  a  similar  determioant  above.  They  are,  in  fact,  all  seen 
to  be  of  the  type 


b.'il   W   te^ 

1 

M^   W  M.I 

k.»(l  M,l  tayJ    . 

J»    «,     «^, 

>.     »»     », 

Z,       Ip       «^ 

produces 

•       kj'n'J    Mi*l 

^«2.i 

M<«J      •      MaI 

i«., 

k^sW'-t* 

W.I1 
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BO  that  we  ate  thus  famished  wiQi  the  nsefnl  ideatitf 

Applying  this  four  times,  therefore,  to  our  equation  of  oondition, 
we  have  at  onoe  the  mirpriaingly  simple  result 

or,  aa  Cayley  would  write  it, 

123.245.1561.634  -  466.612.234.361-0; 
or,  perhaps  better  atill, 

123.156.426.436 
-125.136.423.456-0. 

Now,  if  one  of  the  poinU  1,  2,  3,  4,  6,  6, — say  1, — be  viewed  as 
current,  thia  is  evidently  a  cone  of  the  second  order,  with  its  vertex 
at  0.  And  since  1  is  associated  in  both  of  the  terms  With  2,  3, 
5,  6,  both  terms  will  vanish,  and  the  equation  therefore  he  satisfied 
when  for  (a^yi^i)  we  write  {x^^^  or  {x0^^  or  (^jy^ij)  or  (*«y^). 
Also  it  will  be  aatisfied  when  (x^^z^  ia  substituted,  because  then 
the  two  terms  are  alike  and  of  opposite  signs.  The  theorem  in 
question  is  thus  established. 

On  comparison  of  this  with  Cayley's  investjgation,  it  will  at  once, 
be  seen  that  not  only  is  the  resulting  equation  here  much  simpler 
than  his,  hut  that  it  is  also  greatly  superior  tor  the  purpose  he  had 
in  view. 

There  still  remiuns  the  question  as  to  the  recondlement'  of  the 
two  processes.    Cayley's  resulting  equation  is 

145.256.423.361   +    245.123.456.361 

-   245.123.356.461    -   245.156.423.361-0. 

Can  it  he  simpUfled  1  Observing  that  the  two  middle  terms  have 
more  than  one  common  factor,  we  write  the  aggregate  of  the  two  in 
the  form 

245.123  (456. 361-356.  461). 
The  bracketed  ezpresuon  is  then  seen  to  he  equal  to 
346.516, 
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hj  reason  of  tbe  old  identity  (nsed  also  by  Cayley  in  this  pap^, 

366.416  -  346.616  +  316.646  -  0. 
Consequently,  as  a  first  step,  tbe  equation  in  question  is  Bhortaned  to 
145.256-423.361  +  246.123.346.516  -  245.l66.*33.36r-0. 
Tbe  process  of  condensation,  bowever,  can  be  continued,  and 
tbat  in  two  different  ways.  If  we  combine  in  tbe  first  instance  the 
last  two  trams,  which  are  seen  to  bave  die  common  factor  246 .  fil6> 
we  read  the  result 

145.266.423.361    +   245.516.143.263  =  0, 
or,  say,  146. 136.  234.  2i 


H-O: 

s) 


.  (A) 

+  143.156.248.236) 
whereas  if  we  combine  the  first  and  last  terms,  which  have  the 
common  factor  423 .  361,  we  obtain 

423-361.126.466  +  245- i23.346-516-0, 
or,  say,  125.136.423.456) 


,  (B) 

-123-156. 426. 436j 

Of  these  equally  simple  forms  (A)  and  (B),  the  latter  is  the  one 

previously  obtained,  so  tbat  the  requisite  reconcilement  is  efiectod. 

Since,  however,  the  left-band  side  of  Cayley's  equation  has  been 
shown  to  be  reducible  either  to  tbe  left-hand  side  of  (A)  or  to  the 
left-hand  side  of  (B),  a  new  question  arises,  viz..  How  it  comes  liiat 
the  two  reduced  forms  are  tbe  same,  or  how  it  is  tbat 
l46. 136.234.256  +  143.156.246.236 

-  125.136.423.456  +  123- 166- 426- 4S6 
vanishes  identicallyl  One  answer  is,  that  the  aggr^te  of  the  firet 
and  third  terms  being 

-136.234  (146.256-125.456) 

-136.234.165.425, 
and  tbe  abrogate  of  the  second  and  fourth  being 

-156.245   (143.236-123.436) 

-166.246.  163.423, 
the  two  aggregates  differ  only  in  sign,  and  consequently  their  emn 


,,GoogIc 


1880-90.]      Dr  A.  BmcQ  on,  the  Inferior  Olivary  Body.         23 

On  the  OonneotdonB  of  the  Inftiior  Olivary  Body.  By 
Alraandar  Onioe,  M.A.,  M.D.,  F.RCP.Ed.,  F.B.aK 
(With  Two  Pktea.) 

(Bead  Jmwtj  6, 1860.) 

The  inferior  divary  body  or  nuclens  forms  the  ovoid  projection 
which  extends  almost  the  whole  length  of  the  medulla  oblongata,- 
from  the  lower  margin  of  the  pons  Varolii  to  within  a  short  distance 
of  the  level  of  the  decussation  of  the  anterior  pyramids.  It  is 
aeparated  from  the  latter  by  a  groove  through  which  emerge  the 
roots  of  the  hypoglossal  nerve.  On  its  outer  margin  it  is  separated 
from  the  line  of  the  roots  of  the  glossopharyngeal  and  pneumogastric 
nerves  by  a  shallow  depression.  Transverse  vertical  and  longitu- 
dinal sections  of  the  medulla  show  the  olive  to  be  a  highly  con- 
voluted sac  of  grey  matter  open,  at  its  hilum,  towards  the  medal 
plane.  (It  has  two  accessory  nuclei  of  smaller  size,  an  internal  and 
a  posterior  accessory  olive,  which,  as  they  are  really  parts  of  the 
larger  nucleus,  do  not  call  for  special  consideration  here.)  The 
fibres  of  the  hypoglossal  nerve  pass  through  its  eabstanc«,  but  do 
not  become,  as  was  at  one  time  supposed,  and  as  has  been  recently 
again  affirmed  hy  Tincensii,  connected  with  the  oHve.  On  its 
median  aspect  lies  the  inlerolieary  etraium  or  JiUet.  Anteriorly 
lies  the  anterior  pyramid,  posteriorly  the  formatio  reticnlaris. 

According  to  the  experiments  of  Bochterew,  the  inferior  olive  is 
concerned  in  coordinating  movements  necessary  for  the  maintenance 
of  the  equilibrium  of  the  body.*    One  would  naturally  from  this 

*  BMhterew  {^^atroleguiJia  OnOraUileUl,  Dec  1,  1S8S)  statea  the  Tesnlts  of 
section  of  the  inferior  oliTary  bodies  to  be  as  follova ;— (a)  Deep  sectioo  at  the 
olivet  pTodnce  forced  moTemsDts,  mostl  j  rolliDg  round  the  long  aiis  of  the 
body  tomrds  the  injured  side,  and  nyeUgnras  with  one  aje  directed  upwards 
and  ontwuda,  and  the  other  downwarda  and  inwarda.  (i)  Slighter  lesions  pro- 
dnced  movements  in  a  ciiculsr  or  in  a  forward  direction,  or  caused  the  animal 
to  throw  itself  backwatds.  (e)  Somatimea  foroed  posi  dona,  with  strong  latetal 
cnrrature  of  the  body,  were  produced,  (d)  There  was  genetall; ,  also,  a  tend- 
ency to  fall  towards  the  inj  nred  side,  or  in  lesions  of  both  oliTes  nnateadinesa 
of  gait,  or  actual  inability  to  stand  or  walk. 

In  estimating  the  resnlta  of  these  experiments,  it  mnst  be  remembered  that 
it  is  impossible  to  divide  the  olivary  bodies  without  at  the  same  time  iiOnring 
some  of  the  following  Btructnres,  viz.,  the  direct  cerebellar  tract,  the  ardform 
fibres  of  Solly  (or  the  anterior  external  arcuate  fibres  of  Edinger),  the  ascend- 
ing tract  of  Qowera,  or  those  fibres  wbieh  pass  from  the  lateral  colnmus  of  the 
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fact  (aa  well  sb  from  its  lai^  size)  expect  that  it  should  possess  an 
exteDsiTe  system,  of  fibres  cosnectiiig  it  with  other  parte  of  the 
central  nerrouB  system,  more  espedally  with  such  parts  as  have  a 
similar  fnnctioQ ',  but  it  is  a  striking  iliastraUon  of  the  difBctil^ 
of  the  histological  inveatigatioD  of  this  rt^on,  that  Tmtil  quite 
Kcently  only  one  of  these  connecting  eyBtenie  hid  been  definitely 
established. 

It  has  long  been  known  that  when  one  half  of  the  cerebellnm  is 
congenitolly  defective,  the  restiform  body  of  the  soma  side,  and  the 
inferior  olire  of  the  opposite  aide,  are  also  abeent,  the  development 
of  the  olive  being  evidently  dependent  on  the  opposite  hemisphere 
of  the  cerebellum.  With  regard  to  the  other  relations  of  the  olive, 
opinions  have  been  very  divergent. 

The  most  generally  accepted  view  is  that  of  Deiters,  viz.,  that  the 
olive  is  a  nodal  point  or  ganglion  of  interruption,  between  the  pos- 
terior columns  of  the  spinal  cord  (or  their  unclei)  of  one  aide  and  the 
testifotm  body  of  the  opposite  side.  Deiters  thought  that  the  in- 
ternal orcnate  fibres  which  originate  in  the  nuclei  of  the  posterior 
colonms  (t.e.,  the  clavate  nucleus,  or  nucleus  of  the  column  of  Gall, 
and  the  cuneate  nucleus,  or  nucleus  of  the  column  of  Burdach) 
terminate  on  the  convex  surface  of  the  olive  of  the  seme  side ;  while 
other  fibres,  arising  from  the  interior  of  the  aome  olive,  leave  it  at  its 
hilum,  and  after  crossing  the  Taph6,  and  then  passing  partly  anterior, 
partly  through  and  partly  posterior  to  the  opposite  olive,  enter  the 
lestiform  body.  Deiters  considered  that  the  fact  that  the  restiform 
body  gradually  increases  in  volume  in  proportion  as  the  posterior 
columns  diminishes  is  an  evidence  of  the  intimate  association  of  these 
two  stracturea. 

Meynert,  while  espousing  the  opinion  of  Deiters,  pointed  out  that 
many  of  the  internal  arcuate  fibres  arising  from  the  cuneate  and 
clavate  nuclei  pass  behind  the  olive  of  the  same  side,  and  reach 
spinal  cord  to  the  aDperior  oliva,  snd  tlie  poaterior  corpiu  qnadrigeminam. 
The  lesions  prodaced  in  these  vBrions  atrancU  nutj  therefore  be,  at  least  in 
part,  Tesponaible  for  the  pheuotneua  sttribated  to  the  section  of  the  olivftr? 
bodies.  Femer  concludei  [Fmictims  of  the  Brain,  Sai  edit.,  p.  207)  that  the 
views  of  Deiters  and  Mejnert,  with  regard  to  the  connection  of  the  olive  &nd 
the  posterior  columns,  are  eatablished  bj  BechCerew's  experiments.  In  view 
td  the  passible  fallaciea  in  these  experiments,  and  the  certain  resnlte  oE  embry- 
ologtcal  inveatigatiauB,  that  connectioii  can  no  longer,  in  my  opinion,   be 
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the  refltifOTiD  body  of  the  opposite  ride  vithont  entering  either 
olive. 

Robs  {Diaeaaes  of  Nervotu  System)  and  Fetrier  (Funelioita  of  the 
Brain,  2nd  edition)  adopt  the  views  of  Deilen  and  MeynsTt. 

The  recent  researcheB  of  Edinger,*  Flechaig,  Bechterew  (with 
which  I  full;  agree,  on  the  ground  of  my  own  obBervations  in 
my  Thesis  for  the  degree  of  M.D.),  show  the  view  of  Deiters,  with 
regard  to  the  termination  in  the  olive  of  those  internal  arcuate  fibres 
which  originate  in  the  nndri  of  the  posterior  columns,  to  be 
untenable. 

If  one  examines  transverse  sections  of  the  medulla  oblongata  of  a 
human  embryo  between  the  ages  of  six  and  eight  months  which  have 
been  st^ed  with  hematoxylin  after  the  method  of  Weigert,  one 
finds  that  the  fibres  from  the  olive  to  the  restiform  body  are  not 
yet  invested  with  niyeline,  while  those  internal  arcuate  fibres  which 
form  the  cuneate  and  davato  nuclei  are  fully  medullated.  An 
uncomplicated  view  of  their  course  can  thus  be  obttuned  ;  and  it  is 
beyond  any  doubt  that  none  of  theee  fibres  terminate  in  the  olive  of 
the  same  side,  that  all  the  fibres  of  this  system  which  enter  the  olive 
merely  pass  through  ito  substance,  and  terminate  in  the  interolivary 
stratum  or  fillet  of  the  opposite  side. 

Flechsig  (Plan  des  tnenseMiehen  QehirTu)  was  at  one  time  of 
opinion  that  the  lai^er  part,  or  two-thirds  of  the  interolivary 
stratum  or  fillet,  entered  the  olive;  but  it  would  appear  that  be  no 
longer  maintains  this  view,  and  though  there  seems  to  be  some 
pathological  evidence  in  its  favour  (see  the  case  of  Meyer,  Arch.  /. 
Psych.,  voL  xiiL),  the  examination  of  embryonic  bruns,  especially 
in  longitudinal  sections,  pointo  to  the  absence  of  any  such 
connection. 

There  is  as  yet  no  evidence  that  any  part  of  the  fibres  of  the 
spinal  cord  terminate  in  the  olive,  though  that  may  well  be  the 

In  1685  Bechterew  (Newvl.  Centrcdbl,  1685,  p.  194)  discovered 
in  the  brains  of  infants  of  the  age  of  one  month  a  tract  passing  from 
the  olive  in  a  direction  upwards  towards  the  brain,  which  had  been 
regarded  erroneously  by  Stilling  as  a  continuation  of  the  posterior 

*  Edinger,  Nearei.  Centralilatt,  1S86,  p.  73.  See  alto  Spitzka'a  paper, 
MtMaUBtmrd,  1884,  voL  xivi.,  No*.  1&-18. 
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columns  of  the  apinal  cord,  and  by  Wemicke  as  a  downwaid 
continuatioa  of  the  pocteriot  commisenre.  This  Btraud  (Plate  I. 
fig.  1,  Bt.),  whioh  he  calle  the  "centrale  Haubenbahn,"  appean  on 
the  poaterior  and  external  aepeot  of  the  olire.  It  gradnally  m(»«asea 
in  Biie  from  th^  middle  of  the  olive  npwarde.  At  the  lower  part 
of  the  pone  (Plate  IL  Bt.)  it  lies  between  the  superior  olive  and 
tiie  fillet  and  dorsal  to  the  fibres  of  the  corpus  trapezoideum.  In  the 
upper  port  of  the  pons  it  lies  in  the  middle  of  the  formatio  reticulaiis- 
At  the  level  of  the  anterior  corpom  quadrigemina  it  lies  immediately 
external  to  the  posterior  longitudinal  fasciculus.  It  then  paaaes 
behind  the^  red  nncleoe,  and  enters  the  lenticular-nucleus  loop,  to 
terminate,  according  to  Flechsig,  is  the  lenticular  nucleus. 

About  nine  months  ago,  while  making  oblique  sections  of  the 
medulla  and  cerebellum  of  a  nine  months'  embijo,  in  order  to 
demonstrate  the  course  of  the  restiform  body  (the  posterior  aspect 
of  the  section  being  thus  at  a  h^her  level  than  the  anterior),  I  found 
another  tract  (Plate  L  fig.  2,  a.o.t.),  apparently  previously  unde- 
scribed.  (It  is  possible  that  this  tract  is  referred  to  by  Bechteiew 
in  the  paper  quoted  above.)  The  strand,  which  is  only  indistinctly 
seen  in  the  ordinal;  vertical  transverse  sections,  begins,  like  Bed- 
terew's  tract,  on  the  external  aspect  of  the  olive.  It  then  bends 
gradually  inwards,  backwards,  and  in  an  upward  direction,  forming 
&  compact  bundle,  till  it  reaches  the  inner  side  of  the  nucleus  of  the 
vii  or  facial  nerve  (vii  nnol.).  Than  it  turns  ontwards  and  slightly 
backwards,  crossing  the  roots  of  the  facial  nerve  (vii  lad).  As  it 
does  BO  the  fibres  spresd  out  from  each  other  in  a  fan-shaped 
manner,  and  become  less  easy  to  trttoa.  They  apparently,  however, 
bend  somewhat  downwards  and  enter  the  external  (Deiters*  nudeua) 
of  the  vestibular  root  of  the  anditory  nerve. 

This  connection  of  the  olive  with  the  auditory  nerve  may  eerre 
to  throw  some  light  on  the  special  function  assigned  to  the  inferior 
olivary  body  in  maintaining  the  equilibrium  of  the  body. 


EXPLAKATIOH  OF  PLATBS. 

Plttsl.fig.  1. — a.p.,  anterior  p;r»mid;  i.o.,  inrenor  olive;  B,l.,  Beoh- 
terew'a  tract  ]  V.Ak.,  ascending  root  of  Gfth  nerve;  cr.,  corpng  rmtiFonne. 

Plate  I.  Gr.  2.— a.p.,  anterior  p3rTainid;  i^f.  olive,  inrerior  olivarj-  body; 
v.Ak.,  sseendiDg  root  of  fifth  nerve  ;  vii  ntuL,  nndeni  of  fsoial  nervs;  vU 
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mad.,  root  of  hdil  aerre;  a.o.t,  ftctutdeo-olirarr  tract ;  vUi  S.  *vd.,  Beeb- 
ietev*!  uneleiu  ofsuditorj  Durre;  a.p.e.,  luperior  cerebellar  pednncle. 

Piste  II. — tt.p.,  tnterior  pyramid;  /.,  fillet;  c.L,  corpan  tnpezoideam;  B.t., 
Bachterew's  tract;  ft^.  olive,  snperior  olira;  vii  nu«t.,  nacleas  of  facial  aerre; 
».A»e.,  aaoeDding root  oF fifth;  e.r.,  corpni  N«tifoim& 


Sbi^yme  Action  in  Lower  Organisms.    By  G-.  A 
Cartwright  "Wood,  M.D.,  B.Sc 

(Bead  DMember  IS,  1S8B.) 

The  Bolabls  ferments  or  enzymes  have  always  aronsed  the  deepest 
interest  partly  from  the  mystery  which  enshrouded  their  mode  of 
action,  partly  from  the  importance  of  the  processes  with  which  they 
ue  associated.  The  peculiar  power  which  each  poasesses  of  decom- 
poeiDg  appoieutly  anlimited  quaotitieB  of  a  specific  medinm,  withoat 
itself  being  need  up  in  the  process,  has  occasiotied  the  confusion  of 
enzyme  action  with  processes  truly  vital  in  their  nature.  Although 
this  action  hod  only  been  demonstrated  as  eubserring  an  alimentary 
fonction,  its  aid  was  invoked  to  explain  many  of  the  more  obscure 
phenomena  of  biology.  The  series  of  decompositions  which  carho- 
hydntei  may  undergo,  known  as  the  alcoholic,  lactic,  and  butyric 
fermentations,  were  long  ascribed  to  it.  Even  when  Pasteur  had 
proved  that  theee  proceeses  were  always  correlated  with  a  vital  fact 
— the  growth  and  multiplication  of  living  cells — Traube,*  Hoppe- 
Seyler,  and  Lieb^  f  still  contended  that  these  might  act  only  in- 
directly by  the  formation  of  soluble  ferments.  The  analogy  between 
fisnnentation  and  the  infectious  processes  is  so  striking  that  the 
latter  hare  long  been  grouped  together  under  the  term  zymotic 
diaeasBB,  and  these  we  "are  every  day  coming  to  recognise  more  and 
more  as  parasitic  diseases  conditioned  by  micro-organisms.  Here 
again,  however,  many  tend  to  regard  the  microbe  as  not  acting  diroctly, 
bat  through  the  production  of  soluble  ferments.  The  consideration 
of  enzyme  function  in  lower  oTganisms  has  accordingly  another 
interest  than  that  which  attaches  to  it,  as  throwing  light  apon  the 

*  TSeorie  der  FemientvnThungen,  Berlin,  1SC3. 

t  UiUr  CNlirung,  QiwUe  der  MvA^kn^  ^md  EmOlirwtg,  Leipsic,  IS70. 
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proceaaefl  of  digeatioii  in  the  higher  animals.  Upon  the  view  whicli 
we  take  as  to  ite  origm  and  meaning  will  depend  the  standpoint  from 
which  we  regard  many  important  physiological  and  patbol<^cal 


Although  Doclaux  and  Hueppe,  in  their  InvestigntionB  on  milk, 
had  suggested  the  probable  exbl«nce  of  soluble  ferments,  H.  Bitter 
in  1687  first  furnished  rigorous  proof  that  bacteria  produce  enzymes 
separable  &om  the  oiganiams  which  form  them.  He  managed  to 
kill  the  organisms  by  sterilisation  at  60'  C.  without  materially 
destroying  their  products,  and  in  this  way  demonstrated  that  two 
oqianisms,  when  grown  on  gelatine,  produced  enzymes  which  were 
able,  apart  from  the  organism,  to  liquefy  gelatine  and  peptoniae 
albumen.  Sirotinin,  in  an  investigation  carried  out  in  Fliigge's 
laboratory,  noted  incidentally,  that  culture  fluids  which  had  been 
freed  from  oi^nisms  by  means  of  Chamberland's  porcelain  filter, 
still  retained  the  power  of  liquefying  the  gelatine.  Bmnton  and 
Macfadyen  have,  more  recently,  communicated  the  same  fact  for 
another  organism,  and  haTC  stated  in  addition  that  when  grown  on 
etorch  a  diastatic  ferment  was  there  produced.  My  own  experiments 
were  undertaken,  not  for  the  purpose  of  demonstrating  ^  existence 
of  such  enzymes,  bnt  if  possible  to  investigate  more  minutely  their 
properties.  For  this  purpose  the  four  organisms  which  form  what  is 
known  as  the  choleragroup^Eoch's  cholera  bacillus,  Deneke'scheeee 
bacillus,  Finkler's  cholera  nostras  baciUus,  and  Miller's  bacillus — were 
selected.  These  organisms  exhibit  in  all  directions  a  most  striking 
similarity,  and  the  point  which  I  wished  to  Investigate  was  whether 
their  enzymes  could  be  shown  to  differ  in  any  way.  The  leactioa 
in  which  they  wonld  continue  to  act  offered  itself  as  the  most  con- 
venient test  The  method  of  experimentation  pursued  was  as  fol- 
lows : — A  tube  containing  20  c.c.  of  sterilised  milk  was  taken,  and  to 
it  a  certain  quantity  of  acetic  acid  was  added.  The  fluid  was  shaken, 
and  then  delivered,  by  means  of  a  sterilised  pipette,  in  equal  qusn- 
titiea,  into  four  teat  tnbes.  To  each  of  these  1  c.c  of  the  etenlited 
products  of  one  of  the  organisms  was  added,  and  the  result  noted. 
By  making  a  series  contsining  varying  quantities  of  acid  the  eflfect 
on  the  enzyme  action  was  ascertained.  The  cholera  enzyme  was 
found  to  be  most  sensitive  towards  acid  reaction,  even  very  small 
quantities    inhibiting   its   activity.      Deneke   came   next,   while 
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finkler  and  Hillei  bacilli  continnad  to  act  in  diatinotly  add  eolu- 
tions.  But  the  two  enzfmee  which  each  of  these  organiiims  possesa 
■eemed  not  to  be  equally  affected  b;  the  aciditj.  The  ptecipitation 
of  the  caseio  occiirred  in  reactiona  where  the  peptonisation  was 
apparentiy  completely  inhibited.  We  muBt  therafora  conclude 
that  the  enzymea  of  these  oiganisma  are,  in  each  case,  distinct,  and 
that  the  enzymes,  even  in  the  same  organism,  are  not  alike  as 
z^ards  their  capacity  of  acting  under  different  conditions. 

Gelatine  and  blood  senim  cultaree  of  the  four  organisms  were 
foond,  in  no  case,  to  exert  any  diastatic  action  on  starch.  A  medium 
oostaioing  starch  was  then  inoculated  with  cholera  bacillus,  which 
after  being  allowed  to  grow  for  some  time  was  sterilised  at  60°  C 
The  amount  of  sugar  present  was  then  estimated  in  a  small  quantity. 
By  means  of  a  pipette,  2G  c.c  of  the  etarilised  culture  was  then  intro- 
duced into  a  starch  solution,  and  incubated  for  six  days,  when  thd 
amount  of  sugar  was  again  titrated.  The  quantity  found  was  not, 
however,  greater  than  what  had  been  introduced  with  the  sterilised 
calture  fluid,  so  that  no  evidence  of  ferment  action  was  exhibited. 
Althon^  the  experiment  was  repeated  twice,  a  negative  result  bad, 
on  both  occasions,  to  he  recorded.  It  is  possible  that  the  ferment 
may  have  beeQ  destroyed,  or  that  some  condition  was  present  which 
prevented  ite  action.  It  appears  to  me  more  probable,  however, 
that  the  power  of  converting  the  starch  into  sugar  may  here  exist 
only  in  the  protoplasm,  it  not  having  yet  become  developed  into  an 
en^me  separable  from  the  organism.  It  is  not  necessary  te  consider 
the  primary  processes  of  digestion  as  dependent  on  soluble  ferments. 
The  enzyme  function  should,  as  Hoeppe*  has  insisted,  be  regarded 
aa  a  aecoitdarily  derived  function  of  the  protoplasm.  The  process  of 
digestion,  as  observed  in  its  simplest  form,  is  an  intracellular  diges- 
tion, and  is  not,  as  Krukeabergf  has  conclusively  shown,  dependent 
on  enzymes,  but  is  inherent  in  the  protoplasm  itseli  The  enzymes 
are  merely  further  diffeientiationB  of  Uiis  primitive  power  of  the 
protoplasm  in  the  same  way  as  muscle  and  nerve  are  to  be  regarded 
as  represented  in  the  contractility  and  irritability  of  a  structureleK 
mass  of  undifferentiated  protoplasm.     We  ate  accordingly  prepared 

"  Dit KtthodmderBatterien-Fartchujy!,  ISSS;  "ibsclmitta  ueber Biologie," 
Di«  Si/gienite/ie  BanUieilung  dt»  TriiikKaKier,  lgS7. 
t  Vtr^nAmd-fhutiologiaAt  FortrUffe,  Heidalberg, 


,,GoogIc 


30  Pnxeedmfft  of  Boyal  Sodetj/  of  Edivimrgh.         [om. 

to  find  very  dlfferant  degieea  of  development  in  diSereat  cngBiiifliii% 
and  even  in  the  same  organiBm,  «a  regorda  tlie  different  enbataneM 
to  be  digested.     Thus  cholera  appears  to  digest  its  proteids   by 
means  of  enzymea,  but  the  faculty  of  digesting  the  carbohydratfls 
appears  still  to  leeide  in  the  protoplasm.     How  far  the  pioceas  is 
carried  oat  in  each  case  by  means  of  enzymes,  and  how  far,  directly, 
by  the  protoplasm,  mnst  be  decided  by  experiment    Even  in  the 
alimentary  canal  the  process  ia  not  carried  oat  by  fermants  alone. 
Stuch  is  there  converted  into  equal  quantities  of  maltose  and 
dextrine,  and  the  latter  is  unaffected  by  the  further  action  of  the 
enzymes  j   yet  as  neither  of  these  bodies  is  absorbed  as  such,  the 
portal  vein  containing  the  carbohydrates  only  in  the  form  of 
dextrose,  these  most  undergo  ttiur  further  changes  at  the  handa  of 
the  cells.    In  a  similar  way  lactose  and  cane  sugar  are  split  up  by  aa 
iuvereive  ferment  into  equal  quantities  of  dextrose  and  levnloae,  and 
the  further  transformation  of  the  latter  is  evidently  to  he  referred 
directly  to  the  protoplasm.*    The  greater  part  of  the  albumen  is 
undoubtedly  peptonised  before  being  absorbed,  yet^  as  Yoit  and 
Bauer  t  have  shown,  a  parb  may  undergo  direct  absorption.     More 
recent  experiments,  in  coses  of  artificial  anus,  where  the  iufloence 
of  the  ferments  from  the  upper  straits  of  the  canal  was  completely 
excluded,  have  shown  that  egg  albumen  undergoes  direct  absorp- 
tion;  and  since  %g  olbumeQ  is  excreted  by  the  kidneys  as  a  formgn 
body,  the  disint^ration  and  rebuilding  up  which  is  necassaiy  for 
its  OMimilalioii  must  be  attributed  purely  to  cellular  action.     In  all 
probability  the  cells  lining  the  alimentary  tract  perform  a  much  larget 
part  of  the  preliminary  processes  of  digestion  than  Is  at  present 
conceded  to  them. 

An  enzyme  ia  accordingly  to  be  looked  upon  as  a  function  which 
has  undergone  a  hi^  d^ree  of  differentiation,  indeed,  as  a  property 
which  is  able  to  exist  and  act  apart  from  the  protoplasm.  As  each 
organism  is  ad^ted  to  special  conditions,  we  should  expect  the 
enzymes  also  to  act  best  under  these  conditions.  It  has  already  been 
stated  that  the  enzymes  of  cholera — Deneke,  Miller,  and  Finkler — 

*  Although  the  enzyme  obtainitd  from  yeut  can  coD^ert  onl;  the  half  of  the 
cane  sugar  into  deztroae,  Payen  has  «hovo  that  the  living  jeait-cella  convcvt 
the  levulow  oUo  iuto  deitrou. 

\  ZtU.  far  Biol,  Bd.  v.  562. 
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exhibit  a  ^ratytog  BUsceptibility  to  scid  reaction  preciflely  as  ttie 
organisms  themselves  do.  This  does  not  indicate  that  the  otganisma 
aie  more  susceptible  to  acidity,  according  as  their  enzymes  are  more 
aeneitiTe  to  its  joewnoe,  bat  that  tbe  protoplasm  as  a  whole,  and 
with  it  the  ouymee,  is  adapted  to  a  certtun  set  of  conditions — ite 
mual  environment 

This  coneepondance  between  the  conditions  nnder  which  the 
organism  exists  and  those  nnder  which  the  enzymes  act,  is  exhibited 
even  more  strikingly  by  a  consideiation  of  their  temperature  relations. 
Every  enzyme  has  an  optimnm  temperature  at  which  it  works  most 
effectively,  and  a  lower  and  a  higher  limit  at  which  it  ceases  to  act 
In  the  case  of  the  cold-blooded  aaimals  this  optimum  temperature 
is  much  lower  than  in  the  warm-blooded  animaln.  Fick  *  and 
XurisieTf  found  that  the  gastric  juice  of  the  fn^  pike,  and  trout 
dissolved  albumen  at  0*  G.  Hoppe-Seyler  t  has  confirmed  thia 
result,  and  states  in  addition  that  at  higher  temperatures  they  did 
not  act  so  effectively  as  at  moderate  temperatures.  The  gastric  juice 
of  a  mammal,  on  the  other  hand,  peptonises  beet  at  the  temperature 
of  the  body,  39°  C,  and  beooming  leas  active  at  lower  temperature^ 
is  finally  inoperative  at  10*  C.  Again,  while  the  diastatio  ferment  of 
the  pancreas  and  saliva  acts  best  between  37'  and  40*  C,  that  of  germ- 
inating barley,  where  the  temperature  is  nsually  much  higher^  basita 
optimum  at  from  64°  to  63°  0.  UlorcKirganiams  exhibit  even  greater 
differences  as  ngaids  the  temperature  to  which  they  are  adapted : 
some  grow  and  liquefy  the  gelatine  at  0°CL,  and  as  is  aeenin  the  case 
of  the  micrococcus,  which  causes  the  phoephoiescence  at  sea,  can  at 
this  temperatuia  exhibit  their  characteristic  action ;  g  others  do  not 
grow  at  a  temperature  under  60°  C,  and  at  70*  C.  continue  to  v^tate 
actively.ll  In  accordance  with  the  adaptation  of  the  orgattism  as 
regards  temperature,  the  liquefaction  of  the  gelatine,  occasioned  by 
a  microbe,  may  vary  greatly,  even  to  the  point  of  ceesation,  with 
the  temperature;  but  how  far  this  is  due  to  lessened  production 
of  the  enzyme,  and  how  far  to  its  action  being  interfered  with 

•  ArbeOen  Fhyiiol.  Lah.  Wuribwg,  a.  p.  181. 

t  Veritmullung,  <L  jikyt.  nud.  Oet.  m  WiribuTy,  Bd.  iv.  p.  120,  1873. 
:  Pfiiigtr'i  drchui.  Bd.  xiv.  p.  896,  1877. 

g  Foreter,  Cenirai.  f.  Bakt.,  1887,  vol,  ii.  No.  12 ;  Fuchsr,  CaUral.  t. 
Bakt.,  1S88,  vol.  It.  No.  3. 
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has  not  jet  in  the  cose  of  these  organismB  heen  definitely   ascer- 
tained. 

We  hare  just  seen  that  each  enzyme  has  ite  own  most  appropriate 
tempenture,  and  aa  the  organisms  vary  as  regards  their  natural  food, 
we  should  expect  their  enzymes  to  ezhihit  great  rariety  as  regards 
their  capacity  of  acting  on  different  media.  This  is  very  strikingly 
indiutod  by  their  action  on  the  different  sugars.  The  yeasta  as  a 
group  are  able  to  attach  dextrose,  giving  rise  to  what  ia  known  as 
the  alcoholic  fermentation,  and  they  are  also  able  to  act  on  cane 
sugar,  which  is,  however,  first  converted  by  an  inversire  ferment  into 
dextrose  and  levnlose.  Tet  of  all  the  yeasts  only  three  are  known 
which  aie  able  to  ferment  milk  sngar,  the  power  of  converting  it  into 
dextrose  not  beii^  possessed  by  the  saccharomyces  as  a  gronp,  al- 
though it  is  a  property  very  widely  distributed  among  bacteria.  Of 
still  greater  interest  is  the  varying  manner  in  which  the  same  oi^n- 
ism  oondncts  itself  towards  di&brent  albnmenoids.  Thus,  as  a  very 
general  role,  those  oi^nisms  which  liquefy  gelatine  aie  able  to  co- 
pulate milk,  and  then  peptonise  casein  which  has  been  separated,  hut 
some  organisms  which  peptonise  gelatine  are  without  action  on 
milk.  Again,  we  should  expect  that  those  organisms  which  exhibit 
no  enzyme  action  on  gelatine  would  be  inoperative  on  mill^  and 
although  this  is  usually  the  case  there  are  exceptions  to  this 
rule.  It  has  been  already  noted  that  organisms  vary  greatly  as 
regards  the  reaction  in  which  they  peptonise  the  milk,  and  it  would 
appear  that  they  even  peptonise  it  in  different  ways.  Although  the 
vast  majority  first  coagulate  the  casein  and  then  dissolve  it,  certain 
microbes  appear  to  peptonise  the  casein  directly;  this  would 
indicate  that  the  process  in  the  two  cases  is  not  identical.*  Yery 
striking  is  the  way  in  which  the  same  organism  conducts  itself  to 
the  different  albumenoids,  gelatin,  fibrin,  blood  serum,  and  t^ 
albumen.  One  organism  is  unable  to  liquefy  gelatine,  but  pep- 
tonises  fibrin ;  another  liquefies  the  gelatine,  but  cannot  peptonise 
the  egg  alhomen.  They  exhibit^  in  this  respect,  the  utmost  diversity, 
each  having  its  own  special  idiosyncrasies.  We  have  thus  seen,  in 
the  course  of  oar  investigation,  that  the  enzymes  vary  in  every  direc- 
tion as  regards  the  temperature  and  reaction  in  which  they  act,  and 
the  nature  of  the  medium  on  which  they  act.  They  must,  accord- 
*  Ckwt»,  Utber  dit  SthtoHJUtntchen. 
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ingly,  be  legarded  as  apecifio  in  their  natnra,  depending  on  the 
specific  natnre  of  the  protoplaam  of  which  they  are  merely  farther 
differentiation  B. 

The  question  now  arisee,  Are  the  products  originating  fnnn  the 
action  of  difTereat  enzymes  the  some  1  We  know,  already,  that  the 
sngus  and  peptones,  in  certain  cases,  ore  difibrent,  and  more  exact 
inveetigatton,  coopled  with  more  delicate  methods,  will,  without 
doubt,  in  the  future^  add  greatly  to  the  number  of  theee.  We 
should  not,  tJien,  regard  the  peptonisation  as  merely  a  breaking  down 
of  the  complex  proteid  molecule  into  smaller,  more  difiudble  mole- 
cules, which  are  in  this  way  more  easily  absorbed.  It  is  also  a 
disintegntion  into  simpler  bodies  of  probably  a  quite  definite  com- 
position, which  the  protoplasm  can  eitiier  convert  into  colloid 
catalynble  material  to  be  stored  up  in  the  organism,  or  build 
sp  into  its  own  proper  aubetance.  The  protoplasm  of  bacteria  has 
been  shown  to  exhibit  the  greatest  possiUe  difference  towards 
bodies  all  bat  indistinguishable  from  a  chemical  point  of  view.  We 
possess  indeed  in  these  otganisms  one  of  the  most  delicate  refute 
at  oui  disposal  in  differentiating  organic  bodies  of  allied  constitu- 
tion. Thus,  to  take  one  example  out  of  many,  it  has  been  fonnd 
ttiat  tile  natural  and  artificially  prepared  inulins  are  treated  as  dis- 
tinct bodies  by  a  microbe,  the  first  being  assimilated,  the  latter  being 
left  absolutely  untouched.  It  is  probable,  then,  that  the  process  of 
peptonisation,  in  which  the  proteid  molecule  is,  as  it  weie,  taken  to 
pieces,  is  not  always  the  some,  but  varies  accoiding  to  the  specific 
nature  of  the  protoplasm,  in  w^ch  it  may  have,  afterwards,  to 
undergo  a  process  of  building  up  to  form  an  int^tol  part. 

The  enqrmee  have  not  yet  been  isolated  as  chemically  pore  bodies ; 
indeed,  there  is  good  resson  to  believe  that,  in  moet  cases,  theee 
would  be  found  to  consist  of  several  bodies  corresponding  to  different 
stages  of  their  action.  This  has  been  indicated  moet  clearly  in 
the  case  of  the  diastatic  ferment  obtained  from  malL**  The 
ataioh,  after  undergoing  a  first  change  into  a  soluble  form,  is  con- 
Terted  into  a  molecule  of  maltose  and  dextrine;  the  latter  then 
undergoes  successive  hydrations,  until  52  per  cent  of  the  maltose 
which  the  starch  could  have  yielded,  has  been  formed,  at  which  stage 
the  action  of  the  ferment  ceases.  If,  however,  the  fermnnt  had  been 
*  Annab*  dt  r/arifluf  iWour,  18S7. 
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previously  heated  up  to  60'  C,  the  starch  is  converted  completely 
into  dextrine  as  rapidly  as  previously,  but  only  26'1  per  cent  of  the 
possible  maltose  producible  from  the  etsrcli  is  formed,  and  this 
quantity  is  not  increased  by  the  addition  of  more  of  the  weakened 
ferment  It  would  appear,  from  these  and  other  experiments,  that 
the  successive  stages  in  the  conversion  of  the  staich  into  maltose 
depend  on  different  fermente,  which  are  destroyed,  perhaps  through 
coagulation,  at  different  temperataies.  Little  is  known  of  the 
products  which  intervene  between  albumen  and  peptone,  and 
nothing  of  the  action  which  the  various  secretions  exert  upon  theon. 
Yet  a  complete  knowledge  of  theee,  and  of  the  action  upon  them  of 
the  various  secretions  which  are  poured  into  the  alimentary  canal, 
is  essential  to  a  proper  understanding  of  the  process.  At  preaant 
the  action  of  a  ferment  is  always  tested  on  the  unchanged  albemMi, 
usually  egg  albumen  or  fibrin,  although,  as  is  probably  the  case  with 
the  intestinal  secretiou,  it  may  operate  only  in  the  later  stages  in 
the  splitting  up  of  the  albumen.  This  may  perhaps  account  for  the 
want  of  action  of  this  secretion  upon  the  chief  articles  of  food  which 
*  BO  many  obeervera  have  recorded.  The  products  resulting  from  the 
action  of  the  secretions  on  the  different  forms  of  albumen  in  law 
and  in  cooked  condition,^ — the  nature  and  relative  amount  of  the 
peptone  and  bye-products  formed  in  each  case, — still  require  more 
exact  investigation.  By  a  consideration  of  the  nlative  amount  of 
peptone  yielded  by  each  we  should  be  able  to  form  a  much  more 
accurate  conceptioD  of  its  dietetic  value.  The  nature  and  amount  of 
the  bye-producte,  and  the  effect,  in  this  relation,  of  prolonged  action 
of  a  secretion,  as  may  frequently  occur  in  gastric  digestion,  might  be 
expected  to  throw  much  Ught  on  the  effect  of  diet  in  such  disorders 
of  assimilation  as  gout 

The  enzyme  functidu  is,  as  we  have  seen,  to  be  regarded  as  a 
higher  development  of  a  primordial  function  of  the  protoplasm,  and 
we  have  now  to  consider  the  question  as  to  whether  the  d^ree  of 
development  in  each  organism  is  a  fixed  invariable  quantity  or  one 
subject  to  variation.  It  follows,  from  what  has  been  already  stated, 
that  such  external  conditions  as  temperature,  nature,  and  reaction  of 
the  medium  affect  its  action  ;  we  have  still  to  mention  here  that 
Fliigge*  has  observed  that  organisms  when  grown  without  the 
*  Die  MUcTo-OrsimUinm,  pigi  470,  1686. 
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pieaeoce  of  oxygen — under  conditions  of  anaerobioBia — appear  then 
to  lose  their  enzyme  functioii,  inasmnch  as  they  then  cease  to 
llqnefy  the  gelatine.  Aa  great  inconvenience  lesnlte  In  many 
investigations  from  the  llqaefying  colonies  destroying  the  gelatine 
plat«8  before  the  other,  more  slowly-growing  oiganisma,  have  had 
time  to  develop,  Chantemesse  and  Widal  *  have  attempted,  by 
the  addition  of  some  subetance  to  the  medium,  to  hold  the  peptonis- 
ing  power  temporarily  in  check.  To  facilitate  the  discovery  of 
typhoid  fever  bacilli  in  the  presence  of  other  organisms,  as  in 
sospected  earth  and  water,  they  recommended  the  addition  of 
carbolic  acid  to  the  gelatine.  Control  experiments  carried  out  by 
me  at  the  request  of  Professor  Hueppe,t  indicated  that  the 
quantity  required  to  effect  this  in  difierent  species  of  bacteria  varied 
from  O'Ol  per  cent,  to  0*1  per  cent  carbolic  acid,  and  that  the  hlghez 
concentrations  necessary  for  the  more  refractory,  entirely  prevented 
the  development  of  more  sensitive  organisms.  Other  substances  were 
accordingly  investigated  for  the  purpose  of  selecting  one  which, 
while  retarding  the  liquefsction  of  the  gelatine,  would  still  exert  no 
injurious  action  on  the  microbes.  Of  those  experimented  with, 
glycerine  seemed  moet  suitable  for  general  use,  although  the  influence 
which  it  exerted  npon  this  function  varied  greatly  in  different 
organjama.  This  is  explained  by  the  fact,  that  its  action  appears  to 
consist  not  in  operating  directly  upon  the  enzymes,  but  rather  in 
offering  the  microbe  a  sabetonce  aa  pabulum,  which  it  selects  in 
preference  to  the  gelatine.  It  has  been  already  mentioned  that 
Bnmton  and  Macfsdyen  found  that  an  organism  produced  a  pepton- 
ising  ferment  when  grown  on  albumen,  but  a  diastatic  ferment  on 
staich,  so  that  these  would  appear  to  be  produced  according  to  the 
special  temporary  requirements  of  the  oiganigm.  I  had  previonsly 
oheerved  that  all  the  members  of  the  cholera  group,  when  inoculated 
on  blood  serum,  produced  sulphuretted  hydrogen,  and  at  the  same 
time  liquefied  the  medium.  If,  Itowever,  glycerine  is  added  to  the 
blood  serum  the  liqnefaotion  and  production  of  sulphuretted  hydro- 
gen appear  much  later,  which  is,  I  think,  to  be  attributed  to  the 
o^nism  obtaining  the  ene^  which  it  required,  first  from  the 
more  eoBily  decompoeed  carbohydrate,  and,  only  when  this  bad 

*  QoMlle  Htldomadaire,  1SS7,  page  146. 
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become  exbauBt«d,  resorting  to  the  albamenoijli  piesent  The 
degree  of  retardation  in  the  liqae&ction  of  the  gelatine  will  in  each 
case  depend  on  the  protoplaemic  idiaaTDcrades  of  the  otganiam  as 
ragaida  the  form  of  nourishiaent  best  adapted  to  its  tnetaboliem. 
It  ia  not  improbable  that  an  aoalogous  aelective  action  of  the 
protoplasm  may  come  into  pUy  when  organisms  are  grown  anaero- 
bically  on  gelatine  containing  grape  ai^jar,  and  that  the  abeenoe  of 
liqaefacttOQ  in  aome  of  these  cases  is  to  be  ascribed  to  this. 

It  is_  not,  however,  ench  temporary  abeyances  of  function  that  I 
wish  to  consider  now,  but  more  permanent  changes  id  the  oiganisms 
themselves  as  i^ards  this  function.  Tbe  first  occasion  on  which  I 
ohserrad  the  complete  Ices  of  the  power  of  liquefying  the  gelatine 
waa  in  the  case  of  an  old  gelatine  cultnn  of  Koch's  cholera  bacillus. 
The  colonies  originating  from  it  presented  the  nsnal  inegnlar 
marf^  and  gianulated.glaaa  appeatance,  and,  under  the  microscope, 
coTer-^loBB  preparations  gave  the  characteristic  comma  form,  bnt  it 
grew  in  gelatine  without  aay  eigoB  of  liquefaction,  and  in  milk  no 
separation  of  the  casein  took  place.  On  potatoes,  which  aro 
naturally  of  acid  reaction,  the  growtii  was  either  much  impaired  or 
even  completely  inhibited,  although  other  samples  of  cholera  grew 
luxuriantly  on  slices  of  the  some  potato.  This  sensitiveness  of  the 
organism  to  acid  reaction,  when  it  has  lost  its  entyme  functioli,  will 
bo  dealt  with  later.  The  variety  of  cholera  which  had  lost  its 
enzyme  faculty,  preserved  ito  new  properties  for  many  months  when 
cultivated  on  agai^agar.  When  grown  under  other  conditions,  it 
rapidly  regained  its  power  of  liquefying  the  gelatine.  Thus^  if 
frequently  re-inoculated  on  fiesh  bouillon,  and  retvned  at  a  tem- 
perature of  25*  C,  it  recovered  its  former  characters  in  about  three 
weeks.  Since  noting  this  loaa  of  function  in  the  case  of  cholera,  I 
have  had  occasion  repeatedly  to  observe  tbe  same  fact  in  old 
cultures  of  many  other  organisms.  Gelatine  platee  from  such  tubes 
presented  non-liquefying  colonies  often  intermingled  with  the  char- 
acteristic liquefying  ones,  which  had  alone  been  expected.  At  first 
sight  it  would  appear  that  the  former  must  he  impurities,  a  view 
which,  hy  preventing  further  investigation,  has  no  doubt  misled 
many  who  must  at  some  time  have  observed  the  same  appearances. 
I  was  able,  in  aucb  cases,  by  cultivation  under  appropriate  conditions, 
to  cause  such  aberrant  forms  to  recover  tiieir  original  characters. 
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The  question  now  arises,  What  are  the  factors  which  come  into  opera- 
tion in  old  cholera  cultores,  and  cause  this  loss  of  fonction  I  It  has 
been  aliesdy  stated,  that  when  oxygen  is  excluded,  the  organiem 
exists  without  the  aid  of  enzymes.  Nov,  if  a  cnltore  is  left,  for 
long  nndistnrbed,  a  membrane  fonns  on  the  surface  which  effectually 
pteventa  the  entrance  of  oxygen  to  oi^anisms  which  have  fallen  to 
the  bottom  of  the  tube,  and  the  habit  of  taking  its  food  otherwise 
than  by  en^mes  may  perhaps  peisiBt  for  some  time  after  it  is  again 
grown  under  ordinary  conditions.  The  most  important  factor,  as 
evidenced  by  the  fact  that  the  age  of  the  culture  is  essential,  is 
undoubtedly  the  action  of  the  metabolic  products  of  the  microbe, 
-which  accumulate  under  such  circumstances.  These  products  may 
act  either  as  general  depressants  devitalieingly  upon  the  protoplaem 
aa  a  whole,  or  specifically  upon  one  or  other  function.  We  must  in 
this  case  attribute  the  action  to  the  presence  of  some  special 
substance,  which  acts  upon  this  function,  as  organisms  which  were 
unaffected  by  their  own  products  suffered  this  loss  when  cultivated 
in  sterilised  cholera  cultures.  As  the  phenols  had  been  found  to 
act  powerfully  in  restraining  the  action  of  the  soluble  ferments, 
attention  was  directed  to  indol,  which  Brieger  and  Salkowski  had 
shown  to  be  formed  by  cholera.  The  great  difficulty  and  expense 
involved  in  the  preparation  of  pure  indol  prevented  the  experiment 
from  being  carried  out  with  i^  so  recourse  was  hod  to  phenoL  The 
method  of  procedure  was  as  follows : — A  series  of  tubes  each  con- 
taining 10  cc  of  sterilised  bouillon,  received  quantities,  varying  from 
1  to  10  drops,  of  5  per  cent.  carb(^c  acid  solution.  The  organiem 
was  then  seeded  in  these  tubes,  and  the  effect  of  the  varying  concen- 
trations investigated.  The  microbes  which  were  experimented  upon 
in  this  way  were  Koch's  Cholera  baeHlus,  Micrococcus  indicue,  Micro- 
coccus  prodigiomu,  and  BaeiUtie  pyocsaneus.  These  varied  greatly 
as  regards  the  quantity  required  to  effect  the  loss  of  their  enzyme  func- 
tion, 1  to  2  drops  being  sufficient  for  cholera,  while  Pradigtomu  and 
Indiau  required  the  highest  ooncenttations.  BocUIks  pyoci/aneua 
being  still  more  intractable,  showing  iteelf  nnaffected,  even  by  10 
drops  of  carbolic  acid,  it  was  finally  omitted  from  the  series.  The  state 
of  the  em^me  function  in  the  other  organisms  was  tested  from  time 
to  time  by  inoculation  on  milk  and  gelatine.  By  this  means,  in 
the  space  of  about  six  weeks,  varieties  of  cholera,  Prodigiosm 
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and  Indiew,  were  produced  which  grew  on  gelatine  without  any 
signs  of  liquefactioD.  Ths  condition  was  not,  however,  a  very 
permanent  one  in  cholera,  as  after  a  certain  time  a  slow  liquefaction 
of  the  geUtine  began  to  show  itaeU. 

In  the  case  of  all  the  organisms,  the  longer  the;  wne  subjected 
to  the  influence  of  carbolic  acid  the  more  fixed  was  the  new  condition. 
On  the  other  hand,  the  etrongeet  solutions  in  which  the  orgaiiiKm 
could  he  got  to  grow  were  not  those  best  suited  for  the  production 
of  more  permanent  species.  "So  doubt,  the  enzymes  were  lost  more 
quickly  by  the  use  of  the  higher  concentrations,  but  on  lecultiration 
on  other  medk  they  almost  immediately  returned.  It  would  ap- 
pear that  the  carbolic  acid,  hy  acting  deritalisin^y  on  the  proto- 
plasm as  a  whole,  restricted  the  exercise  of  that  lower  function,  which 
by  replacing  its  enzyme  action,  prevented  the  tendency  to  relapse 
naseerting  itself  when  cultivated  again  under  normal  conditions. 
At  any  rate,  it  was  the  use  of  medium  concentrations  over  more 
prolonged  periods  which  were  found  most  effective,  and  indications 
were  not  wanting  that  a  previous  growth  of  the  microbe  in  the  more 
dilute  solutions  would  have  produced  evenbetter  result*.  The  enzyme 
which  acted  on  the  gelatine,  and  that  which  occasioned  the  lennet- 
Uke.  separation  of  the  casein  in  milk,  were  not  affected  alike  in  the«e 
ezperimenta  In  all  three  organisms  the  power  of  coagulating  the 
milk  appeared  to  be  lost  before  the  power  of  liquefying  the  gelatine. 
If  this  were  so,  one  might  consider  the  rennet-like  ferment  as  being 
a  later  evolved  function,  and  so  more  easily  lost  when  subjected  to 
degrading  influences.  For,  as  the  precipitation  of  the  casein  is  only 
a  splitting,  preliminary  to  the  peptonisation  which  is  to  follow,  such 
an  enzyme  would  he  of  no  use  to  the  oiganism  unless  the  peptonising 
power  were  also  present  The  absolute  proof  that  it  is  firat  lost,  is 
however  wanting,  as  another  factor  must  here  he  token  into  con- 
sideration. These  organisms  become  more  sensitive  to  acid  reaction 
in  proportion  to  the  loss  of  their  eniyme  action,  as  is  evidenced  by 
their  less  vigorous  growth  on  potato.  "Sow,  as  they  all  produce 
add  from  the  sugar  in  milk,  their  further  enzyme  production  may  he 
inhibited  hy  the  acid  they  themselves  have  formed  before  such  fer- 
ment is  present  in  sufQcient  qnantity  to  cause  the  precipitation  of 
the  casein. 

It  may  be  mentioned  here  that  Prodigumu  and  Indievt,  which 
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had  lost  the  power  of  liquefying  the  gelatine  had  also  lost  the 
facility  of  forming  their  characteristic  pigments.*  This  fonctioii 
was,  however,  mnch  more  easily  lost  than  the  eiuyme  fiinotjos,  for 
perfectly  colonrlesa  cultures  could  be  obtained,  which  neTorthaless 
acted  on  the  gdatine  and  milk,  and  it  was  eyidant  that  by  properly 
graduating  the  agent  brought  to  bear  on  the  otganism,  the  one 
mi^t  be  lost  without  the  other  being  appreciably  affected. 

It  baa  already  been  stated  that  Fliigge  found  that  micro-oigan- 
imna  when  grown  in  the  abeence  of  oxygen,  appeared  to  obtain  their 
food  without  the  aid  of  eozymee,  as  they  then  ceased  to  liquefy  the  gela- 
tine. The  most  natural  Bnpposltion  is,  that  oxygen  being  necesaaiy 
for  the  formation  of  the  enzymes,  when  it  la  excluded,  the  proto- 
plasm reverts  more  or  lees  to  the  primary  form  of  digestion — that 
without  enaymes.  This  may,  in  some  cases,  be  the  explanation,  but 
there  are  a  number  of  facts  which  tend  to  ahow  that  in  eam^  cases 
tindeT  anaerobioae  the  prodncte  of  the  organism  are  different  &om 
those  which  occur  under  aerobioaia.  This  has  led  Hueppe  and 
Bri^;^  to  surest  that  the  metabolism  of  the  organism  under 
aerobiotie  and  anaSrobiotic  states  may  be  different,  these  two 
being  entirely  different  adaptations  of  the  protoplasm.  On  this 
view,  under  cmaerohio«u,  they  do  not  lique^  the  gelatine,  because 
they  then  take  their  food  In  a  different  way  from  what  they 
do  under  aerobioeie.  If  this  conception  ahould,  at  first  sight, 
appear  rather  fantastic,  I  must  refer  to  certain  facts  which  indicate 
that  such  organisms  may  have  an  adaptation  to  even  so  impal- 
pable an  agent  as  light.  Prove  t  found  that  Str^tocooatg  odat^eyJcut 
produced  its  yellow  pigment  only  when  exposed  to  diffuse  daylight, 
while  SchoU  states  that  Baderium  myeoideg  roaeum  formed  its  red 
pigment  in  darkness  only.  There  is  no  escape,  here,  from  the  con- 
clusion that  these  two  oigonisms  have  developed  their  pigment  func- 
tion under  different  conditions,  which  alone  permit  of  its  exercise, 
a  result  in  perfect  harmony  with  the  beautiful  researches  of  Engel- 

•  StapKylocoeeui  aiiTtw,  when  obtained  from  sn  abscess,  mnst  frequently  b« 
enltivated  for  eorae  Ume  before  the  pigment  facnlty  returns  ;  other  oq^ni^ms 
when  Biposed  to  the  action  of  the  tiunea  exhibit  a  temponiy  km  of  th» 
miijme  function.  !□  both  caaea  this  may  be  attributed,  in  part  to  an  adapta- 
tiiHi  to  tbs  conditioDS  present  in  the  animal  organiani,  and  in  part  to  the 
attanuating  influence  exerted  by  the  cells. 

t  Cohn'a  SeUregt  svr  Biel.  d,  lyiamai,  Bd.  iv.,  1887. 
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rnann,*  on  the  influence  of  light  on  the  Purptain  bacteria.  We 
may,  accordingly,  regard  the  protoplasm  as  having  eereral  adapta- 
tiona,  latent  menioriea  ready  to  epnng  into  action  on  the  application 
of  the  appropriate  stimolna. 

As  we  have  already  aeen,  the  enzyme  faculty  is  to  he  regarded  as 
a  differentiation  of  a  primitive  power  of  the  protoplasm,  and  we 
have  now  to  conffider  the  probable  cause  of  its  origin.  The  tbboIu- 
tion  of  the  complex  into  the  aimplei,  more  diffusible  molecnle^  is 
accompanied  by  the  setting  free  of  a  certain  amoimt  of  energy  which 
is  lost  to  the  oiganiam  when  this  ocean  by  means  of  enzymes 
in  the  external  medium.  What  compensating  advantage  could  its 
development  entail  on  the  organism  t  From  experiments  on  aikiero- 
bioma,  I  was  led  to  m^vA  some  time  ago,  that-nnder  this  condition, 
where  the  enj^me  action  appears  cut  o^  the  otganism  was  more 
eeuaitive  to  acid  reaction.  Farther  investigation  has  indicated  so 
clearly  a  relation  between  the  loaa  of  this  function  and  a  cono- 
sponding  increase  in  sensitivencBS  of  the  organism  to  injutioos 
agencies,  that  this  view  becomes  more  than  a  mere  hypotb^is.  The 
development  of  enzymes,  by  which  the  complex  indiSiiaible  com- 
pounds which  supply  it  with  noorishment  are  rendered  diffosible 
outside  the  otganism,  would  allow  of  the  protoplasm  being  invested 
by  a  firmer,  rensting  bounding  membrane;  and  as  this  function 
was  gradually  evolved,  each  stage  of  development  would  be  asso- 
ciated with  a  cotreeponding  condition  of  the  cell  membrane.  In  a 
similar  way  each  loss  of  this  function  would  be  accompanied  by  a 
change  in  the  membrane,  tendering  it  more  sensitive  to  external 
injurions  agencies.  We  most  now  consider  how  far  this  accorda 
with  a  series  of  facts  which  have  lately  been  observed  by  Fliigge. 

Flugge  t  has  come  to  the  conclusion  that  Fastear's  anthiax  and 
fowl-cholera  vaccines  are  really  degenerated  cultures,  in  which  the 
protoplasm  as  a  whole  hss  suffered  by  the  devitalieing  conditiona 
to  which  they  have  been  exposed  during  their  production.  He 
founds  this  view  on  a  aeries  of  very  careful  experiments,  which  indi- 
cated that  the  attenuated  cultures  grew  less  rapidly  than  the 
virulent,  and  were  also  much  more  sensitive  towards  antiseptic 
agents.     In  addition,  they  grew  more  slowly  and  were  more  senaitive 

*  ArtKivf.  d.  ga.  PhytiohgU,  Bd.  xlii.,  1888. 
\  ZtiUArytfiT  Hygiau,  Bd.  iv.,  1888. 
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to  external  iiyiirioDB  agentues  in  proportion  to  the  degree  of  atteno- 
ation  tttef  had  ludeigoDs.  Tha  incapacity  of  the  Tacciuen  to  grov 
and  oaose  disease  in  the  bodies  of  aosceptible  nniTnala  lie  aacribed 
to  thmr  lessened  nprodactive  potrer  and  greater  sensitiveneBs,  vhich 
gav«  Uie  viotory  to  the  animal  in  the  struggle  foi  mastery.  He  saw 
no  reason  to  sappoee  that  the  action  of  theee  microbes  depended  in 
any  d^;ree  on  the  prodnction  of  specific  toxinea.  As  his  ezpeiimente 
were  carried  out  in  greatest  detail  on  anthrax,  I  will  limit  myself  at 
prssent  to  its  oonsidentiDn.  On  comparing  the  action  of  the  viiulent 
oiganism  and  its  Tacoines  on  £och'B  gelatine,  the  vaccines  were.seen 
to  liquefy  the  gelatine  much  more  slowly,  and  had  in  fact  lost  in 
great  part  theii  enzyme  function.  This  eflect  was  much  more 
clearly  shown  in  milk.  The  normal  anthrax  coagulated  the  milk 
on  the  second  day,  while  Pasteur's  1st  vaeeina  only  began  to  show 
signs  of  this  after,  at  earliest,  two  weeks.  My  suggestion  that  the 
phenomena  were  in  great  part  to  be  accounted  for  by  interference 
with  enzyme  function  was  confirmed  by  this  result.  The  method 
by  which  ELiigge  compared  the  resistance  of  the  onanisms  to  acids 
was,  shortly,  as  follows : — A  series  of  t«st  tabes,  each  containing  tbe 
same  quantity  of  gelatine,  was  prepared,  and  to  each  set  a  given 
number  of  drops  of  the  acid  to  be  tested  was  added.  The  organisms 
were  then  inocnlated  by  means  of  a  platinum  wire  in  a  set  of 
tubee  containing  the  same  quantity  of  acid,  and  their  growth  com- 
pared. I  was  able,  however,  to  register  more  exactly  the  efEbct  of 
the  acidi^  by  the  following  modification.  The  acid  gelatine  was 
rendered  fluid,  and  after  being  inoculated  was,  as  it  cooled  down, 
distributed  uniformly  on  the  walls  of  the  tube.  By  this  means  the 
organism  was  enveloped  on  all  sidee  by  the  medium  whose  influence 
was  to  be  tested.  In  addition,  as  the  organisms  became  aepaiated 
from  one  another  in  the  liquefied  gelatine,  the  colonies  which  ap- 
peared later  would  each  originate  approximately  from  one  organism, 
and  thoa  the  disturbing  influence  arising  from  the  varying  quantity 
introduced  in  each  case  was  eliminated.  I  was,  by  this  method, 
able  to  confirm  Fltigge's  statement^  that  the  vaceinea  were  much 
more  easily  inhibited  in  their  growth  than  the  uuafiected  organiam. 
A  new  tube  was  now  added  to  each  set,  and  inoculated  with  virulent 
anthrax  which  had  been  grown  for  some  time  anaerobioiically.  The 
anaerobe  organism  was  found  to  be  mote  sensitive  than  &e  vaecinea. 
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BO  &at  we  miut  conclude  that  the  losa  of  Tirulenoe  and  BOBoepli- 
billtjr  to  antiseptic  agenta  have  no  necesaar;  Gonnection.  Xlie 
SDM^tibility  waa  in  all  probability  to  be  leferred  to  the  change  in 
the  cell  membrans  induced  hj  the  losa  of  the  enzyme  function. 
The  pigment  microbee  which  had  lost  their  pow«  of  liqoefyiug  the 
gelatine  were  aleo  compaied  with  the  unaffected  oiganisma,  and 
found  to  have  become  much  less  iwstant  to  acidity. 

It  baa  been  already  stated  that  if  the  application  of  liiB  degnding 
agency  is  properly  giadoated,  Prodigioeua  and  Indiau  can  lose  their 
pigment  faculty,  although  their  power  of  liquefying  the  gelatine  ia 
not  appreciably  lessened.  It  is  probable  that  in  a  similar  way 
anthrax  can  lose  its  toxine  faculty  without  its  other  functions  being 
eerioualy  alTected.  In  support  of  this  it  may  be  mentioned,  that 
Gamaleia  states  that  his  vaccines,  prepared  by  means  of  bichromate 
of  potash,  did  not  exhibit  the  great  loss  of  vitality  which  Fliigge 
observed  in  Pasteur's  vaccines.  Pasteur's  method  of  attenuation  by 
tiie  ose  of  Ivgh  temperatures  would  appear  to  he  so  coarse  a  method 
that  not  merely  the  pathogenic  function,  but  the  vitality  of  the 
organism  as  a  whole  is  affected.  But  this  general  loss  of  function 
and  lessened  vitality,  depending  as  it  does  on  the  method  employed, 
can  in  no  sense  be  regarded  as  characteristic  of  the  vaccina. 

We  have  had  occasion,  frequently,  in  the  course  of  this  paper  to 
refer  changes  in  the  power  of  resistance  of  an  organism  to  a  probable 
change  in  the  condition  of  \ha  cell  membiane,  and  it  may  be  not 
unintereeting  here  to  briefly  mention  certain  morphological  variations 
in  the  bacillus,  some  of  which  may,  perhaps,  be  regarded  from  this 
point  of  view.  I  have  repeatedly  observed  that  when  virulent 
anthrax  has  been  grown  for  some  time  in  bouillon,  anaerobieally, 
the  shape  of  the  organism  undeigoee  a  very  remarkable  change.  The 
tods  and  filamenta  are  no  longer  to  be  seen,  and  in  their  place  we 
have  a  series  of  larger  spherical  or  oval  bodies,  apparently  multiply- 
ing by  fission  to  form  chains  and  clusters.  This  tomla-form  is  beat 
investigated  in  its  natural  state,  as  it  does  not  stain  readily  and 
appears  to  shrivel  up  when  dried,  When  examined  in  this  way  the 
appearance  of  these  spherical  bodies  is  so  different  from  what  one 
finds  normally  in  anthrax,  that  one  feels  inclined  to  put  down  its 
presence  to  the  entrance  of  some  chance  impurity.  GelatJne  plates 
laid  down  from  such  cultures  proved  however  that  the  cultivations 
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ooniietod  of  pare  BDthntx,  and  inoculatioii  of  mice  indicated  that 
theii  pathogenicitf  was  nnimpaired.  It  is  but  right  to  state  here 
that  -Paatear*  has  observed  preclsdy  similar  phenomsna  in  the 
case  of  certain  moalds  and  mucora.  These  fan^  when  grown  with 
excluBion  of  the  air,  tend  to  prodnce,  instead  of  the  oaual  mycelium 
ttad  hyphte,  cells  mncfa  larger  tliaii  normal  and  more  globular  in 
form,  80  mach  so  that  Pasteur  would  refer  in  part  to  this,  tlie 
erroneous  stAtemente  so  many  botanists  have  made  concerning  the 
trftnefomMtion  of  these  into  yeast.  The  anairobe  cells  of  these 
fnngi  suggest  by  their  appearance  a  tendency  more  or  less  pro- 
noanced  to  revert  to  the  amceboid  state.  Another  appearance  which 
may  be  noted  in  anthrax  coltnree  grown  anaerobiotkaily  also  indi- 
cates  a  change  in  the  cell  membrane.  Under  normal  conditionu  this 
organism  never  forms  on  its  cultivation  fluids  anything  approaching 
to  a  surface  membraue,  at  most  only  a  narrow  ring  of  growth 
appearing  round  the  walls  of  the  tube,  which  falls  to  the  bottom  as 
0oon  as  it  has  attained  any  size;  but  when  the  air  is  excluded  the 
enperficial  growth  remains  attached  nntil  almost  the  whole  surface  is 
covered.  Now  a  surface  membrane  or  zooglcea  results,  as  does  the 
matrix  of  cartilage,  from  the  changes  which  the  cell  membranes  un- 
doTgo  in  swelling  up  and  yet  remaining  in  continuity,  and  a  change 
in  this  respect  is  what  we  might  expect  when  grown  in  this  way. 
The  voeetTierf  under  certain  conditions  exhibit  an  appearance,  probably 
of  a  somewhat  similar  character,  which  points  in  the  same  direction. 
When  virulent  anthrax  is  grown  airobicalli/  iu  bouillon,  the  fluid 
temains  clear  and  limpid,  the  growth  collecting  at  the  bottom  as  a 
whitish  fluffy  mass.  The  vaceinee,  if  allowed  to  grow  slowly,  present 
A  precisely  similar  appearance ;  but  if  placed  at  a  higher  temperature, 
wheie  they  grow  more  rapidly,  the  tubes  of  bouillon,  es|«ciallr  in 
the  case  of  the  most  attenuated,  present  a  uniformly  toibid  aspect 
The  apparent  change  in  the  specific  gravity  of  the  oiganism,  which 
permite  it  to  remain  in  suspension  in  the  fluid,  is  evidently  to  be 
ascribed  to  the  condition  of  the  membrane  in  the  wuxine  being  still 
farther  accentuated  by  the  rapid  division  of  the  cells  at  the  higher 
temperature.  The  vaccine*  are  described  as  morpholi^cally  indis- 
tinguishable &om  the  virulent  organism ;  Gamaleia,  f  however,  asserts. 
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in  oppoeitioa  to  other  obserrera,  that  the  bacilli  of  Ihe  oaeeinet  an 
emaller,  this  correeponding  to  th«  degree  of  atteanation  tiiej  have 
nodergoae.  On  comparing  the  bacilli  of  Puteor's  vaedaet  with  the 
virulent  forma  when  grown  on  gelatine  and  bouillon,  only  a  vei; 
alight  difference  in  their  dze  waa  usually  to  be  detected;  vrhen,  how- 
ever, they  originated  from  a  potato  culture,  the  differenoe  became  v^ 
marked,  the  let  vaccine  being  only  about  one-half  as  broad  as  the 
Tiiulent  organism.  This  appears  to  be  mainly  due  to  tlie  add  n- 
action  of  the  medium  afecting  the  vaednet  more  than  the  Timlent 
organiam,  the  sise  of  the  bacillus  apparently  varying  with  the  more  or 
less  favourable  conditions  to  which  it  is  for  the  moment  exposed. 
Uubei*  has  observed  that  anthrax  bacilli  vary  in  size  as  they  occur 
in  the  tissues  of  different  species  of  animal^  being  much  larger  in 
the  more  sensitive  than  in  the  less  susceptible  imimnlii,  Thin  differ- 
ence in  size  of  the  oiganism  in  different  animals,  or  even  in  different 
tissues  of  ths  same  animal,  should  not  he  regarded  as  indicating 
a  more  or  lees  favourable  medium  in  a  physical  senee,  but  rather  as 
the  vital  expression  on  the  part  of  the  microbe  of  the  influences  to 
which  it  has  been  there  exposed,  reeolting  from  the  reactive  powers 
of  the  tisanes  in  that  special  animal  or  even  tissue.  This  point  will 
be  dealt  with  mote  fully  presently,  since  it  is  important  as  eridenciQg 
an  actidn  exerted  by  the  cells  on  the  microbe  which  lies  outside 
them. 

There  is  still  a  rdation  of  the  enzyme  function  to  the  organism 
which  has  not  yet  been  discussed — the  action,  or  rather  want  of 
action,  which  the  ferments  manifest  on  the  living  protoplasm.  The 
organisms  are  conetantiy  bathed  in  their  own  enzymes,  and  may  even 
be  exposed  to  those  of  other  microbes  without  their  substance  being 
attacked  by  these.  The  explanation  of  Pavy.t  of  why  self- 
digestion  of  the  stomach  does  not  occur  in  the  living  animal,  even 
if  it  were  sufficient  in  that  special  case,  would  not  apply  to  those 
ferments  which  act  in  alkaline  reaction.  The  "  living  principle  "  of 
John  HunterJ  as  inhibiting  the  action  of  the  enzymes,  seems  still 
the  only  plausible  explanation  which  applies  to  all  cases.  This 
question  has  assamed  importance  from  a  bacteriological  point  of 

■  DtutiAt  mtd.  WmAeiuiAT^  ISSl. 

t  ftttioMpK  Transaetioiu,  page  161,  186S. 

i  PhiloK^  Tnuaaitiota,  Jane  18,  1773. 
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Tiev,  emce  Hetscbnikoff  has  ascribed  the  death  of  microbea  in  the 
animal  body  to  the  mesoderm  cells  which  are  able  to  take  ap  the 
oigaaisms  as  foreign  bodies  and  digest  them.  Now,  as  the  orgasiams 
appear  to  be  unaffected  by  enzymes,*  by  general  consent  the  antiseptic 
action  of  the  gastric  jnice  being  ascribed  entirely  to  its  acidity,  even 
assuming  that  they  actually  nndergo  their  death  in  the  cells,  we 
have  no  reason  to  believe  that  this  is  dne  to  a  jmMess  of  digestion, 
but  rather  to  some  influence  exerted  by  the  living  protoplasm  with 
which  it  most  there  come  into  such  close  relations.  It  is  probable 
that  the  sbnggle  which  may  occur  between  two  microbes  in  onr 
test  tnbe  cnltiTations  does  not  differ  easentisUy  in  nature 
but  only  in  degree  from  that  which  tabes  place  in  onr  body 
between  the  tissues  and  the  disease  germ.  In  both  cases 
the  ultimate  result  of  tiie  action  and  reactioa  of  the  cells 
apon  each  other  may  turn  on  the  sum  of  the  "conditions  of 
existence"  to  which  thay  ate  exposed,  happening  to  favour  one 
more  than  the  other.  Thus  when  two  organisms  are  sown  together 
in  a  culture  fluid,  which  will  "  overgrow  "  the  other  may  depend  on 
ttie  relative  quantity  of  the  two  primarily  introduced,  the  nature  and 
reaction  of  the  medium,  and  ttie  temperature  at  which  they  are  held : 
in  a  predsely  analogous  fashion,  the  growth  of  a  disease  germ 
introduced  into  a  susceptible  animal  and  the  disease  which  follows 
is  dependent  on  the  quantity  introduced  (Davaiue,  Watson^Cheyne), 
the  tissue  inoculated  (Koch,  W&teon-Cheyne),  and  it  may  be  the 
temperatniB  at  which  the  animal  is  kept  (Oibier,  hetscbnikoff, 
Pasteur).  It  was  for  long  supposed  that  the  products  of  one 
organism  might  be  highly  injurious  to  another,  and  that  thus  the 
sudden  disappearance  of  an  organism  intiodnced  into  a  mixture 
might  be  explained,  but  more  recent  experiments  tend  to  ascribe 
much  less  influence  to  the  products  as  direct  poisons.     Kitasato  baa 

*  Orgsnia  matter  in  nature  is,  in  the  procces  known  as  putrefsctioD,  rssolnd 
by  microbes  into  its  nmpler  coiiBtitueats,  wbich  in  the  protoplum  of  plants 
•re  again  bnilt  np  Into  complex  organio  bodice.  But  a  part  of  tha  orgauio 
nutter  undergoing  this  proceM  is  built  up  into  tho  substance  of  the  microbes. 
These,  when  dead,  appear  to  nndergo  a  process  of  disiDtagrotion,  to  be  sicribed 
in  all  probability  to  the  action  of  their  own  enzymes,  the  celloloee  feiment 
which  Tignal  has  fouod  to  be  aecrettid  by  "  potato-bacilli "  exerting  its 
action  on  the  cell  wall,  and  the  peptonising  enzyme  npon  the  albuminoid 
eonitatnenta.  In  this  way  the  constant  circntation  of  organic  matter  betweeu 
the  animal  and  vegetable  kingdoms  may  proceed  without  intermiBsioD. 
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recentilf  reported  that  he  found  that  the  oiganisms  which,  when 
together,  deetrojed  cholera,  did  not  exert  neatly  the  same  effect 
when  seeded  as  pore  coltaies  alone  with  ohdeTa,  a  result  which  he 
seemed  to  regard  as  very  anonmlons,  This,  however,  becomes  easily 
understood  if  we  consider  the  course  of  events  in  putrefaction  aa  it 
occurs  normally  in  nature.  If  we  examine  from  time  to  time  a 
fluid  undergoing  this  change,  we  find  that  at  different  periods  of  the 
process  different  organisms  piedomioate,  the  othere,  for  the  time, 
sinking  into  the  hack-ground  or  even  disappearing  ;  yet,  as  Uauser 
has  shown,  several  of  these  organisms  can,  when  grown  alone  ae  pnie 
cultures,  cany  out,  although  much  more  slowly,  the  greater  part  of  the 
process.  In  nature  we  have,  however,  a  physiological  division  of 
labour,  each  organism  becoming  adapted  to  a  special  stage  of  the 
process,  during  which  by  its  more  active  growth  and  the  molecular 
changes  it  sets  up  in  the  medium,  it  seems  to  exert  a  certain  inhitn- 
tive  action  on  the  other  microbes  present.  This  is  more  clearly 
shown  by  the  remarkable  way  in  which  yeast  •  remains  essentially 
pure  when  grown  under  favourable  conditions,  although  exposed  to 
every  chance  impurity.  If  the  wort  is  held  at  a  suitable  tempera- 
ture, and  sufficient  yeaet  ia  at  the  first  added,  so  that  it  may  increase 
sufficiently  rapidly  to  get  at  an  early  period  "within  striking  distance" 
of  any  chance  intniilere^  no  other  organism  appears  able  to  obtain  a 
footing,  unless  when  the  process  is  allowed  to  proceed  so  far  that  the 
products  of  the  yeast  begin  to  act  depressingly  on  its  own  cells. 
The  inhibitory  action  which  one  microbe  appears  to  exert  upon 
another  during  the  vigorous  exercise  of  its  vital  functions,  is  strictly 
comparable  to  that  which  the  tissues  may  exert  upon  such  organ- 
isros.  The  cells  of  the  human  body  have  undergone  great  differ- 
entiation morphologically  and  phyaiologically,  fitting  them  to  carry 
out  the  varioufi  stages  in  the  diwodationi  and  oxidaiiom  necessary 
in  the  combustion  of  albumen  to  urea,  carbonic  acid,  and  water.  A 
microbe  on  entering  the  tissues  finds  itself  in  conflict  with  cells 
specially  adapted  to  the  conditions  present  there,  and  more  or  less 
vigorously  carrying  out  their  stages  in  the  vital  processes,  so  that  it 
haa  email  chance  of  invading  the  organism,  or  even  holding  ita 
ground,  unless  it  exerts  a  depressing  influence  by  means  of  its  pro- 
ducts— unless  it  is  pathogenic.  That  we  are  not  here  ascribing  too 
*  Naegeli,  TKeoru  der  Oihrung,  Miinohen,  ISJti 
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important  &  rAIe  to  the  toxin&i  ia  indicated  by  tlie  Taryiug  gradea  of 
viraleDce  of  the  orgaDism  which  at  present  may  be  said  almoet 
certainly  to  depend  on  the  production  of  vaiyiog  quantities  of  the 
poiaon,  and  by  the  fact  that  when  a  U^erartee  of  the  specific  poison 
haa  been  acquired  either  by  a  paeaing  attack  or  by  the  preTioos  intro- 
duction of  the  tosine,  the  disease  germ  loses  its  power  of  invading 
that  animal.  The  microbe  under  snch  circumstances  need  not 
immediately  periGh,  but  may,  and  probably  usually  does,  nndergo  a 
gradual  process  of  attenuation  from  the  increased  reactive  powers  of 
the  tissues,  and  then  falls  a  victim  to  the  "phagocytes  "  as  does  an 
ordinary  Baprophyte,  or  even  a  foreign  body.  This  has  been  shown 
by  Hueppe  and  myself*  to  be  the  case  when  animals  have  been 
rendered  ouly  partially  immune  to  anthiaz,  the  course  of  the  disease 
is  then  much  prolonged,  and  when  death  does  occur  the  microbe  is 
found  to  have  become  attenuated. t  An  Italian  observer  J  has 
rendered  it  probable  that  in  a  precisely  similar  way  anthras,  whan 
grown  with  another  organism,  whose  products  exerted  no  injurious 
action  on  it,  undergoes  a  slow  attenuation,  an  effect  which  we  must 
ascribe  apparently  to  the  direct  action  of  the  one  cell  on  the  other. 
There  is  accordingly,  as  already  asserted,  no  reason  to  assume  that 
any  other  forces  come  into  play  in  the  deatmctioD  of  disease  germs 
in  the  animal  body  than  those  we  see  operating  in  our  cultures. 

From  a  review  of  what  has  been  said  on  the  subject  of  enzymes, 
it  is  evident  that  very  much  less  value  attaches  to  the  power  of 
liquefying  tbe  gelatine,  as  indicating  a  fundamental  distinction 
between  two  organisms,  than  that  which  is  usually  accorded  to  it 
It  is  a  property  which  is  liable  to  great  fluctuations  in  the  degree  of 
its  development,  each  onanism  in  this  respect  exhibiting  specific 
idiosyncrasies;  and  although  the  normal  d«^ree  of  development 
usually  tends  to  return  under  cultivation,  yet,  as  in  the  case  of 
the  anthnx  vaccines,  the  lower  grade  may  be  retained  with  great 

*  "SaprophTtismns  and  ParasitiBmaa,"  itfrJiner  iiin.  fTDcA.,  No,  IS,  18S9. 

t  Since  ttien,  it  has  t>«att  shown  by  Woodhead  and  myulC  [CompU*  Sendut, 
Dec.  23,  1S8B)  that,  if  the  toiina  ia  antaf^nised,  the  tiaanet  are  able  to  come 
Into  action,  and  we  have  either  complete  recovery,  or  tbe  disease  ia  laitigated 
or  prolonged  in  it*  conraa  ;  themicrobaaon  the  deathofthe  animal  beiogthen 
fonnd  to  have  nndergone  a  procesa  of  atteonation  hj  the  actioc  of  tbe  cella. 

X  "  Snr  la  coDcarrence  vitale  dee  bacillca  la  Birre  Typholde  at  dn  bscUls 
Chirbon,"  Oient.  Inlfnai.,  u.,  1887< 
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tenacity.  Hneppe,  from  the  men  fact  of  its  iMiiig  a  aeconiarUy 
derived  functton,  conaiden  it  of  little  value  for  classification,  aa  all 
cbantcten  for  this  purpose  should  depend  on  primary  poweia  of  the 
pTOtoplaam,  whiclt  as  such,  ara  unchangeable.  At  the  same  time, 
the  extreme  convenience  and  value  of  the  gelatine  methods  as 
a  means  of  diagnoeis  cuinot  be  overrated,  although  the  result 
arrived  at  in  this  way  should  in  eveiy  case  be  further  tested  by  the 
appearance  of  the  growth  on  potato  and  in  milk. 

The  varying  power  of  resistance  of  the  same  microbe,  which  we 
have  had  so  frequently  to  refer  to,  has  a  great  practical  interest  in 
its  relation  to  the  most  important  ^plication  of  bacteriology^ the 
antifi^tic  sjrstem.  Koch  proposed  anthrax  as  a  standard  by  which 
we  might  compare  the  relative  efficiency  of  different  disinfecting 
agents.  Great  confosion  has,  however,  arisen  from  this,  as  not  only 
anthrax;  bnt  other  oiganisms  also,  exhibit  varying  powers  of  resist- 
ance. In  determining  the  absolute  value  of  an  antiaeptio  agent, 
those  conditiouB  which  cause  the  powers  of  resistance  of  the  organ- 
ism to  vary  must  be  most  carefully  considered.  This  is  stiU  more 
necessary  at  present  in  consequence  of  the  search  after  apeeific* 
dieinfect«nt&  It  has  been  fonnd  that  each  organism  exhibits 
idiosyncrasies  in  relation  to  antiseptic  agents,  being  exceptionally 
anaceptible  to  one,  and  more  than  usually  leaistant  to  another.  The 
oly'ect  being  to  find  that  gnbatance,  or  combination  of  substances, 
which  acts  most  vigorously  on  the  disease  germ,  and  yet  injurea 
least  of  all  the  tissues,  the  confusion  occasioned  by  the  organism 
itself  not  being  constant  in  its  properties,  can  be  readily  understood. 
In  such  experiments  even  a  difference  in  the  age  of  the  culture  may 
cause  a  serious  discrepancy  in  the  teanlts.  Thus,  if  the  organisms 
experimented  with  are  a  brood  of  very  young  cholera  cells  obtained 
by  incubatjon  for  18  to  24  hours  at  the  temperature  of  the  body, 
the  action  of  the  antiseptic  is  much  more  marked  than  on  an  older 
culture.  This  is  probably  to  be  ascribed  to  the  organisms  in  this 
stage  of  development  possessing  a  more  permeable  membrane. 
The  nature  of  the  medium  appears  also  to  exert  a  certain  influence, 
as  antbnx  which  has  been  grown  on  potato  is  slightly  less  resistant 
than  that  form  other  strata,  aa  agar-agar.  Wn  have  here  again  to 
consider  the  influence  which  the  acidity  of  the  medium  exerts  on 
•  Hnoppe,  Berliturr  klin.  Woeh.,  Nob.  46  and  tf,  188». 
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the  state  of  development  of  the  enzyme  fonction,  a  factor  which 
muBt  be  constantly  borne  in  mind  in  all  euch  investigatioDB.  In 
08oh  oiganism  the  range  of  Tariability,  as  regards  its  eiuyme  action 
and  vaiying  eusceptlbility,  is  a  specific  quantity  depending  on  the 
nature  of  the  protoplasm,  and  can  only  be  determined  by  direct 
experiment. 

Ths  greater  senaitiveness  of  oi^anisms  wben  grown  with  exclusion 
of  the  air  may  he  of  more  general  intereet,  as  perhaps  throwing  light 
OD  a  question  which  has  long  remained  obscure — the  manner  in 
which  certain  diseases  are  propagated.  In  cholera,  typhoid,  and 
yellow  fever,  the  iDtestinal  symptoms  predominate,  and  it  is  through 
the  BTacuations  that  the  poison  ie  diseemioated.  Yet  although  the 
orgKuiams  are  present  in  large  numbers,  in  the  case  at  least  of  the 
first  two  diseases,  direct  infection  from  the  fresh  stools  ia  by  almost 
general  consent  considered  the  exception  mther  than  the  rule. 
Pettenkofer  has  emphasised  and  attempted  to  explain  this  view, 
especially  in  the  case  of  choleia,  by  aeauming  that  the  organisms  do 
not  leave  the  intestine  in  a  condition  capable  of  infecting  others, 
but  that  they  most  first  unde^o  a  process  of  "  ripening "  in  the 
soiL  It  has  been  suggested  by  others  that  the  OTganisms  must  first 
grow  ontaide  the  body  to  form  spores,  and  that  these  may  be  the 
only  means  of  infection.  This  is,  however,  completely  negatived 
\fj  direct  bacteriological  investigation.  Now,  the  mode  of  existence 
of  organisms  in  the  intestine  must  be  from  the  first  practically  an 
anaerohiotie  one.  The  small  quantities  of  oxygen  which  are 
swallowed  with  the  food  are  rapidly  absorbed  by  the  walls  of  the 
stomach,  or  converted  into  carbonic  acid  by  the  organisms  always 
found  there,  so  that,  in  the  upper  straits  of  the  small  intestine,  at 
most,  only  traces  of  oxygen  can  be  piesent.  Experiments  carried 
out  by  Hueppe  and  myself,  have  shown  that  cholera  can  under 
precisely  these  conditions  produce  its  poison  in  great  quantity. 
But  if  the  organism  lives  anaerobiolicaUy  in  the  intestine,  it  will 
leave  it  in  a  peculiarly  sensitive  condition,  especially  as  regards 
aedda.  This  greater  susceptibility  to  acids  would  raise  a  harrier  to 
its  passage  through  the  stomach,  through  which  infection  must 
occur.  But,  if  allowed  to  grow  in  contact  with  the  ur,  as  on  soiled 
linen,  they  would  acquire  their  normal  power  of  resistance,  and 
with  it  that  fearful  infectivenees  which  has  been,  under  such  cir- 
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oanutancM,  so  often  remarked.  The  Deed  for  that  stage  of  growth 
outaide  the  body  and  the  influence  of  the  "time"  and  "place" 
disposition  as  affecting  thia  becomes  thus  mora  readily  uoderstood. 
It  ie  not  denied  Qiat  many  other  factors,  sncb  as  personal  predia- 
poeition,  and  bU  conditions  local  or  seasonal  which  fovont  a  state  of 
intestinal  irritation,  come  also  into  play  ;  but  to  discuss  these  at 
present  would  be  obriously  out  of  place.  It  is  sufficient  to  have 
noted  that  we  have  here  a  factor  in  this  question  which  has  not  as 
yet  received  consideration. 

The  whole  question  of  eniyme  action  is  of  profound  interest, 
from  a  general  physiological  point  of  view.  Bardon  Sanderson 
has  recently  advised  ue  to  study  function,  not  in  its  simplest,, 
but  in  its  most  spedalised  form.  Gontmctility  is  not  to  be  inveati- 
gated  in  a  mass  of  uadifCerentiated  protoplasm,  bat  in  striped  muscle. 
We  have  in  the  case  of  the  enzymes  a  function  of  the  organism, 
separable  &om  the  protoplasm,  whose  mode  of  action  we  can  investi- 
gate at  our  leisure.  It  is  a  catabolic  function  of  the  organism,  and 
by  a  complet«  knowlet^  of  its  mode  of  action  we  should  learn  how 
the  process  of  combustion  in  the  animftl  body  proceeds  at  so  low  a 
terapeiatnre.  The  action  of  enzymes  is  generally  recognised  as  con- 
rieting  in  a  splitting  up  of  complex  molecules  into  simpler,  accom- 
panied by  hydration.  The  same  result  is  attained  by  the  chemical 
action  of  acids  and  alkalies  or  even  by  a  much  higher  temperature 
alone.  Thus  hydrochloric  acid  can  convert  fibrin  inte  peptene  and 
starch  into  sugar.  But  this  occurs  only  at  100*  C,  wheiaas  with 
enzymes  the  change  takes  place  at  a  very  much  lower  temperature. 
The  power  possessed  by  a  comparatively  small  quantity  of  an  enzyme 
of  decomposing  relatively  very  large  quantities  of  a  special  medium 
is  spoken  of  as  due  \a  caiatytic  action — an  action  bordering  on  the 
chemical  and  the  physical  The  dependence  of  its  optimum  actiou 
on  a  definite  temperature  auggests  that  it  may  consist  in  the  trana- 
mission  of  a  certain  molecular  motion,  which  enables  the  molecule 
to  be  decomposed  at  a  much  lower  temperature  than  if  the  force 
were  less  accurately  adjusted  to  the  work  to  be  performed, — ^just  as 
certain  chemical  substences  explode  most  readily  when  sound  waves 
of  a  certain  length  and  rapidity  impinge  on  them,  or  as  certain  lays 
of  light  decompose  or  cause  te  combine  certein  chemical  bodiesi  The 
energy  which  is  present  in  the  shape  of  temperature,  instead  of  acting 
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aa  it  nsniiOy  does  for  the  moat  pert  in  merely  increasing  the  intei- 
nolecolu  spac^  by  increasing  Ae  mean  free  path  of  the  molecule 
by  means  of  the  enzyme,  is  presented  in  ench  a  form  that  it  is  takeo 
up  by  the  molecule  or  rather  by  a  part  of  the  molecnie  nntU  ite  in- 
t^rity  is  wrecked  and  dUtociation  occurs.  Now  we  have  already 
seen  that  the  eDzyme  is  merely'a  property  separable  from  the  proto- 
plasm, but  not  difFering  otherwise  from  other  functions.  £auh 
enzyme  haa  its  optimum  temperature,  and  may  not  the  different 
eatalymig  poven  of  the  protoplasm  d  an  organism  hare  different 
optiranm  temperatures  t  A  series  of  facts  which  have  been  accumu- 
lating for  some  tioiB  must,  I  think,  be  explained  in  this  way.  We 
find  that  the  pigment  bacilli  have  each  an  optimum  temperature  at 
which  they  produce  most  readily  their  pigment,  althou^  this  does 
not  necessarily  coincide  with  that  at  which  they  grow  most  rapidly. 
Thus  Prodigioetts  grown  at  the  usual  temperature  of  the  room,  is  of 
a  striking  rad  colour,  but,  when  cultivated  at  the  temperature  of  the 
animal  body,  it  is  absolutely  colooiless.*    I  had  recently  ocossioQ  to 

*  This  need  not  be  aatltely  ittribated  to  tlie  diract  ioflaence  of  the  tempera- 
ture on  the  catslysing  piocesws ;  the  protoplum,  u  we  h&ve  tlieadj  seva, 
exhibits  »  wlective  action  aa  Tsgards  the  different  anbatances  oSered  it  as  food, 
■nd  it  mk7  b«  that  when  one  proMss  la  [Mrtiall;  interfered  with,  a  similar 
power  may  oome  ioto  play,  and  thii  would  exaggerate  the  direct  effect  oC  the 
temperatare.  Correlated  with  these  perhaps  only  qnantitatiTe  changea  which 
maj  be  catabolic  or  anabolic  in  character,  the  Tnetaboliim  aa  a  whole  niar 
become  more  or  leas  altered,  so  that  the  centra  of  grarity  of  the  oiganiint 
bectnnea  as  it  were  ehifted.  It  ia  to  thik,  probablj,  that  wa  must  refer  the  fact 
noted  \>J  Schottelioa  that,  when  Prodigionui  is  grown  for  a  certain  time  at  the 
higher  temperatnra,  it  loses  the  (acuity  of  producing  it*  pigment  even  when 
grown  at  a  lower  temperatara.  In  a  more  racent  commnnioation  he  etatea 
that,  when  grown  sofBdently  long  at  the  lower  tempeiatnre,  the  property 
retomed,  eo  that  we  have  here  an  example  of  that  form  of  "  rereraon  "  which ' 
Romance  hae  recently  so  ably  discnaoed.  Dallinger  has  fonnd  that  Infnsoria 
can  be  gradually  scooatomed  to  withstand  rery  high  temperatures,  and  thia 
adaptation  may  be  associated  with  a  aimilar  chauge  in  the  metabolism.  The 
"tolerance"  which  Eoaaiakoff  {AnwOa  dt  rinslitui  Faileur,  No.  10,  1SS7} 
baa  shown  that  microbes  can  soqnira  towards  antiteptio  agents  when  preriouRly 
eoItiTatsd  In  mote  dilnta  solutions.  Is  to  be  referred  chiefly  to  the  orgauisms 
becoming  gradnally  accustomed  to  exist  without  those  "oMOciatUmt"  and 
"  iiit$oeialioiu"  which  the  ohomical  enbatance  tends  to  inhibit,  and  to  a  oor- 
raapondlng  derelopment  of  others  to  tike  their  place.  The  permanence  of  this 
Daw  habit  of  the  organfam,  when  grown  agtitt  andtr  the  old  conditiona,  will 
depend  on  tbe  more  or  lees  stable  natnre  of  tha  new  oomUnation  or  eomides 
functions  which  has  been  evolved.  This  modification  of  the  organism  as  a 
whols,  which  may  result  from  a  change  in  ona  diraetion,  and  ia  dependent  on 
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inveatigate  the  gcowtb.  of  a  eeriea  of  oiganiamg  on  media  coloured 
with  litmus,  and  found,  to  my  great  perplezit;,  that  a  certain  Domber 
reddened  it,  but  only  at  a  definite  tempenaturo  which  varied  with 
the  organism  and  the  mediam  under  consideration.  Eelatively 
lai^r  quantities  of  acid  than  ammonia  (t)  appeared  to  be  formed  only 
within  a  certain  lange  of  tempetatui«.  Wamngton  *  found,  with 
quite  a  series  of  organisms,  that  when  cultivated  in  milk,  at  higher 
temperaturos  they  produced  relatively  more  ammonia,  at  lover  re- 
latively more  peptone.  It  has  been  recently  commumcated  that 
certain  yeasts  produce  at  lower  temperatures  relatively  more  alcohol, 
at  higher  torapeialures  relatively  more  glycerine.  The  one  di»- 
soeiaiion  appears  to  be  favoured  at  a  higher,  the  other  at  a  lower 
temperature.  I  conclade  that  the  temperature  acts  more  or  lees 
direcUf  on  those  cataiyring  processes  inherent  in  the  protoplasm 
itself,  in  a  way  similar  to  that  in  which  it  acta  on  the  enzymes 
which  are  separable  from  the  protoplasm.  It  has  already  been 
noted,  that  in  the  organisms  of  the  cholera  group  the  rennet-like 
ferment  appeared  able  to  act  iu  acid,  reaction  in  which  the  pepsin- 
like ferment  was  inhibited.  We  should  not  then  be  surprised  to 
find  that  a  chemical  substance  is  able  to  inhibit  one  eatalysittg 
process  in  the  protoplasm  without  materially  afiectuig  the  other& 
There  ore  already  many  facts  in  Bacteriology  which  speak  for  this, 
but  a  systematic  examination  of  the  influence  which  such  bodies 
exert  on  the  functions  of  microbes  is  much  to  he  desired,  as  throw- 
ing light  upon  the  way  in  which  a  drug  affects  the  reactions  of  the 
living  protoplasm,  and  as  furnishing  as  with  a  basis  on  which  a 
cellular  therapeutics  may  perhaps  in  the  future  be  founded.  Interest- 
ing as  this  sut^ect  is,  it  cannot  now  be  further  entered  upon  in  a  paper 
whose  proper  theme  is  the  enzyme  function  in  its  relation  to  the 
general  physiology  of  the  celL 

In  concluuon,  I  wish  to  acknovledge  my  great  indebtedness  to 
Professor  Ferdinand  Hueppe,  not  merely  for  invaluable  assiBtance  in 
the  experimental  work,  but  also  for  the  general  biological  outlook, 
I  have  hero  adopted.     My  thanks  are  also  due  to  Dr  Woodhead,  for 

what  we  may  term  the  solidBri^  of  the  orguiiam,  has  aerer  yet  rsceiTed  the 
atteution  which  it  deoerrei  a«  a  factor  which  may  determine  the  degree  of  fixity 
of  a  new  adaptation, 
*  Jourtial  <if  tit  ChemieaL  Socitty,  188fi. 
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much  kind  assistance  in  the  vork  carried  oat  in  the  Laboratory  of 
the  Boyal  College  of  Physicians. 


A  Kew  Synthesis  of  Dibasic  Carbon  Aoida 
By  Prol  Cmm  Brown. 

(Beul  Febraar;  17,  I8B0.) 

{Abdraet.) 

The  electrolysia  of  potasaiam  salts  of  the  form  K — 0 — C — B  io 
strong  aqueous  solntion  has  been  shown  by  Kolbe*  to  lead  to  the 

O 
formation  at  the  anode  of  Bj.    R— 0 — C— R  decomposing  into 

0 

II 
theionsEand — 0 — C — R;  the  fonnei  giving  at  the  cathode  caustic 
potash  and  hydrogen,  and  the  latter  giving  at  the  anode  carbonic 
acid  gas  and  Rj.  It  occurred  to  me  that  if  in  dibasic  acids,  con- 
taining two  carboxyls,  one  caiboxyl  could  be  temporarily  shut  off 
from  taking  part  in  the  electrolysis,  an  interesting  synthesis  might 
be  effected.  Guthrie's  observationt  that  K— O— SO,— O— Et, 
when  subjected  to  electrolysis  with  an  anode  of  amalgamated  dnc, 
gives  caustic  potash  and  hydrogen  at  the  cathode,  and  zinc  ethyl 
eulphate  at  the  anode,  gave  a  hint  how  such  temporary  eclipse  of 
one  cacboxyl  might  be  effected.  I  therefore  determined  to  try  the 
0  \  0 

i      II  I       II 

electroly«s  of  snch  a  salt  as  K-^0 — C-i-R" — C — 0 — Et,  in  the 


hope  that  it  wonld  give  at  the  cathode  caustic  potash  and  hydro- 

0 
II 
gen,  and  at  the  anode  carbonic  acid  and  (R" — C — 0 — Et);,  that  is 

0  O 

II  II 

Et— O— C— E"— R"— C— 0— Et 

*  AmKUen.  Ixix.  2R7. 

t  CAon.  Soc.  Quart.  Jour.,  it.  131. 
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The  foUowing  paper  showa  tliat  thia  expectatjon  hu  been 
fulfilled. 

Dr  Watker  and  I  are  at  present  engaged  in  applying  thia  metliod 
to  other  dibasic  carbon  acida,  satnreted  and  nnsaturated,  and  hope 
shortly  to  communicate  further  leeolts. 


The  MeotroIyBis  of  Potaaeiuin-Bthyl  Malonate  and  of 
Potaasiuni-EItiiyl  Baocdnate.  By  Prof.  Oram  Brown 
and  Dr  James  Walker. 

(Rsad  Febnur;  17,  18S0.) 

{Abstrad.) 

SyntJims  of  Succinic  Aoid. — Fotaenum-fthyl  ntolonate  ia  easily 
prepared  according  to  the  directioua  of  Freund  (Berkhie  der  deut. 
ehffm.  Geadltdiafl,  xrii  780). 

The  conditions  most  favourable  foi  the  electrolysis  wen  found 
to  be  as  followa  : — ^A  laige  platinum  cTUcible  formed  the  cathode, 
while  a  spiral  of  etout  platinum  wire  was  used  as  the  anode.  The 
source  of  electricity  was  a  battery  of  accomolatora,  and  the  current 
was  «o  regulated  that  while  passing  through  the  solution  it  had  an 
electromotive  force  of  12  volts  and  a  strength  of  not  more  than  5 
ampirea.  Under  these  circumstances  the  heat  developed  in  the 
solution  could  be  easily  conclacted  away  by  a  stream  of  cold  water 
flowing  round  the  platinum  cruoible.  Heating  is  to  be  avoided,  on 
account  of  possible  saponification  of  the  potassium  ethyl  salt  by  the 
action  of  the  caustic  potash  formed  at  the  cathode.  With  the  above 
arrangement,  however,  the  hydrogen  developed  at  the  cathode 
serves  to  stir  up  the  liquid  and  bring  the  potash  iute  contact  witli 
the  carbonic  acid  liberated  at  the  anode,  and  thereby  convert  it  into 
carbonate,  which,  far  from  being  prejudidal  to  the  action,  seems  on 
the  whole  advantageous.  One  point  to  be  attended  to  is  that  the 
solution  should  not  be  too  concentrated.  When  this  ia  the  case  the 
liquid  hae  a  high  resistance,  and  the  electrolysis  proceeds  slowly ; 
the  product,  too,  ia  not  ao  aa^factory  as  when  the  solution  is  so  far 
diluted  that  a  brisk  evolution  of  gas  takes  place  at  both  poles  with- 
out any  excessive  frothing  being  occasioned  by  the  viscosity  of  Uie 
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liquid.  After  the  cnrreitt  has  passed  for  some  timu,  a  deposit  begios 
to  be  formed  in  the  solution.  This  is  mtunly  potassium' carbonftte, 
wiUi  poesibi  J  some  bicarbonate.  When  this  has  increased  somewhat 
in  quantity  the  current  is  biokeD,  and  the  contents  of  the  crucible 
trsnefened  to  a  separating-funnel,  where  they  are  shaken  up  with 
ether,  A  forthei  quantity  of  carbonate  is  thoToby  precipitated. 
The  aqueous  layer  is  then  allowed  to  ran  out,  nearly  all  the  solid 
carbonate  nmaining  behind,  and  the  eAeieal  layer  is  poured  ofi. 
The  former  is  again  submitted  to  electtolyais,  and  the  extraction 
with  ether  repeated.  The  ethereal  liquids  are  united,  dried  with 
calcium  chloride,  and  the  ether  diriilled  off  on  a  water-bath. 

In  our  flist  experiment,  made  with  16  grams  of  the  double 
nudonate,  there  remained  in  the  diatilling-flask  over  3  grams  of  a 
nearly  colourless  liquid  of  ethereal  odour.  This  liquid  was  enb- 
jected  to  fractiwiation ;  it  passed  over  almost  entirely  at  213° 
(nncorr.) :  the  boiling-point  of  succinic  ether  is  216°,  A  portion 
of  tite  distillate  was  analysed,  with  the  following  results : — 

-2619  gr.  substance  gave  -C267  gr.  CO, 
and  1930  gr.HjO 

Found,  Calculated  for  Sncciiiia  Ether. 

C      55-06%  6617% 

H       819  8-05 

There  was  thus  little  doubt  that  the  substance  so  obtained  was 
sncdaic  ether.  In  confirmation,  however,  a  portion  of  the  ether 
was  saponified,  and  the  white  silver  salt  precipitated.  This  salt  was 
then  carefully  ij^nited,  and  the  residue  of  eilver  weighed. 

'1876  gr.  substance  gave  -1215  gr.  silver. 
Foond.  Cdenlated. 

Ag.     6*-7  65  0 

SynOtetii  ofAdipie  Add. — Heintz  (Poggendorff't  Atmalen,  108, 
82  [1859])  obtained  potassium-ethyl  succinate  by  treating  succinic 
anhydride  with  absolute  alcohol,  neutralising  with  potassium  car- 
bonate, and  precipitating  the  double  salt  from  its  alcoholic  solutioa 
with  ether. 

The  conditions  to  be  observed  in  the  electrolysis  are  quite  the 
same  as  in  the  case  of  potassium  ethyl  malonate,  and  the  mode  of 
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eztraction  is  identical  The  reeidne  left  on  distilling  ofi  the  ether 
on  the  water-bath  ie  a  liquid  of  pale  crtxaw-colonr,  with  a  pleasing 
bnt  faint  odoui  of  melons.  It  boils  with  decompoBiiaon  at  about 
240°.  An  analysis  of  the  substance  thus  obtained,  after  diying  in 
an  exhausted  desiccator,  gave  the  following  numbers : — 

■1735  gr.  substance  gave  'STTO  gr.  COj 
and  -1423  gr.  HjO 
Foand.  Cslcolated  toi  Adipic  Ether. 

C       59-26  59-41 

H        911  8-91 

The  product  thus  appears  to  be  practicallj  pure  adipic  ether.  From 
70  grama  potassium  ethyl  succinate  15  grams  of  adipic  ether  were 
obtained. 

A  portion  of  the  ether  was  saponified  with  alcohoUo  potash,  and 
from  part  of  the  potassium  salt  thus  produced  the  silver  salt  was 
precipitated,  while  another  part  was  converted  into  the  acid,  which 
was  purified  by  shaking  ite  ethereal  solution  repeatedly  with  small 
quantitieB  of  water.-  The  acid  melted  at  147° ;  the  melting-point 
of  adipic  acid  is  148°.  The  white  silver  salt  was  analysed  for  silver 
with  the. following  results : — 

■2388  gr.  ulver  salt  gave  '1428  gr.  silver. 

Fonnd.  Cslcnlated  tot  Silver  Adipate. 

Ag.     59-8  60-0 


The  Aotioa  of  Sodimu  Oaxbonate  and  Bromine  on 
Solntione  of  Cobalt  and  Nickel  Salta.  By  Dr  John 
QibBon. 

{Read  February  17,  18B0.) 
(Abstrad.) 

In  186S  Field  gave  a  brief  account  of  a  peculiar  green  solution, 
prepared  by  adding  nitrate  of  cobalt  to  a  solution  of  bicarbonate  of 
soda  containing  a  small  quantity  of  the  hypochlorite  of  that  alkali. 
The  author  observed  the  formation  of  a  similar  green  solution  when 
maUng  qualitative  separations  of  chromium  from  other  members  of 
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the  iron  group  by  meane  of  sodium  carbonate  and  bromine,  and  waa 
thereby  led  to  inveetigate  the  action  of  these  two  reagents  on  solu- 
tions of  mdkel  and  cobalt  solta 

Green  Cobalt  Selution, — If  sodiam  carbonate  is  added  in  large 
excess  to  a  solution  of  a  cobaltous  salt,  on  shaking  the  mixture 
with  a  sufficient  quantity  of  bromine,  the  vhole  of  the  precipitated 
cobaltons  carbonate  disBolvea,  giving  rise  to  a  beantif  nl  dark  green. 
eolation.  This  solution  is  stable  when  preserved  in  closed  vessels 
at  ordinary  temperatnrea.  It  decomposes  on  boiling  with  precipita- 
tion of  cobaltic  oxide.  Caustic  alkali  produces  rapid  decomposition, 
cobaltio  oxide  being  precipitated.  The  green  colour  is  destroyed 
on  acidifying  with  hydrochloric  or  sulphuric  add,  but  reappears  on 
neubralising  the  acidified  solutions  with  sodium  carbonate.  Acetic 
acid  does  not  decolorise  the  green  solution. 

Red  Cobalt  Soltttion. — If  the  green  solution,  prepared  as  above, 
ia  acidified  with  sulphuiona  acid,  and  the  decolorised  solution  then 
rendered  alkaline  with  sodium  carbonate,  a  fine  red-coloured  solu- 
tion ia  produced.  On  shaking  this  in  presence  of  air,  it  absorbs 
oxygen  and  becomes  green.  On  standing,  the  colour  goes  back  to 
red,  but,  on  again  shaking  with  air,  hecomee  green.  These  changes 
of  colour  may  be  prodnced  a  number  of  times.  After  some  time, 
or  on  adding  alcohol,  the  red  solution  ceases  to  become  green  on 
shaking  with  air. 

The  reaction  of  solutions  of  nickel  salts  with  sodium  carbonate 
and  bromine  are  very  complex.  They  vary  in  a  remarkable 
manner,  according  to  the  temperature  and  concentration  of  the 
solutions  employed  and  the  relative  proportion  and  order  in  which 
the  reagents  are  added. 

If  excess  of  sodium  carbonate  is  added  to  a  solution  of  nickel, 
the  resulting  mixture  behaves  differently  on  addition  of  bromine, 
according  to  the  proportion  of  bromine  added.  If  a  large  excess  of 
bromine  is  added,  part  of  the  nickel  goes  into  solution,  part  remains 
undissolved  as  pale  green  carbonate.  On  the  other  hand,  if  a  smaller 
proportion  of  bromine  is  added,  so  as  to  leave  excess  of  normal 
sodium  carbonate,  the  nickel  is  rapidly  and  completely  converted 
into  peroxide. 

If  bromine  is  added  to  a  strong  solution  of  sodium  carbonate,  and 
a  small  quantity  of  a  dilate  solution  of  a  nickel  salt  is  poured  into 
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the  resnldDg  mixture,  the  whole  of  the  nickel  goes  into  aoluUon. 
Such  Bolutiona  ue,  however,  very  anatable,  and  rapidly  darben, 
owing  to  the  formation  of  peroxide  of  nickel.  Much  more  stable 
aolations  of  nickel  can  be  obtuaed  by  using  BUpersaturated  solotioiie 
of  sodium  carbouAte,  prepared  by  subjecting  dec&hydrated  sodiam 
carbonate  to  aqueous  fneion. 

Tha  author  points  out  in  this  connection  that  bromine  does  not 
liberate  carbonic' acid  from  such  a  anpersatuiated  solution  of  sodium 
carbonate  ev^i  when  it  is  added  in  excess.  Carbonic  acid  is,  how- 
ever, given  oS  freely  on  subsequent  dilution  with  water. 

The  author  is  at  present  investigating  the  action  of  bromine  on 
Eodinm  carbonate  under  varying  conditions— (a)  upon  each  oth^, 
(fi)  upon  mixed  solutions  of  cobalt  and  nickel  salts. 

His  experiments,  so  far  as  they  have  gone,  point  to  the  possibility 
of  efEecting  tha  separation  of  nickel  from  cobalt  in  a  rapid  and  easy 
manner. 


On  certain  Subetancea  found  in  the  Urine,  whioh  redooe 
the  Oxide  of  Copper  upon  Boiling  in  the  presence  of 
an  Alkali*    By  Herbert  H.  Aahdown,  M.D. 

(From  t}ie  Phyiiological  Laboratory  of  University  College,  London,  snd  the 
Laboratory  oF  the  Royal  Collegs  or  Fbyiiuiaoa,  Edinbnrgh.) 
(Bead  December  10,  IBBS.) 
(Abttraa.) 
As  the  immediate  result  of  the  ingestion  of  certain  chemical  com- 
pounds— chloral,  camphor,  benzol,  phenol,  &c.  ^substences  make  their 
appearance  in  the  urine  which  have  long  been  known  to  possess  the 
power  of  reducing  the  oxides  of  some  of  the  metala  when  in  solution 
in  the  presence  of  an  alkali,  if  that  mixture  he  raised  to  the  boiling 
point,  but  conudeiable  confusion  has  resulted  fram  the  difficulty  of 
finding  a  short  process  whereby  many  of  these  substances  may  be 
readily  recognised  as  not  belonging  to  that  comprehensive  group  of 
conditions  generally  styled  as  glycosuria. 
The  importance  of  this  group  has  been  greatly  increased  of  late 

*  A  grant  was  given  by  the  British  Medical  AssodatiDn  towaids  the 

eipenaee  of  this  research. 
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ye&TB,  howeveT,  by  ttie  attempts  made  to  defiae  and  differentiato  * 
the  individuBl  membera  of  which  it  eonmte,  and  to  ascribe  to  each 
their  relative  significance,  and  these  efforts  have  been  crowned  in 
some  measure  by  a  considerable  degree  of  soccesa. 

Schmiedebeig  and  Mayer  w^  the  first  to  isolate  and  analyse  the 
substance  thus  prodnoed,  and  fonnd  it  to  be  glycuronie  add,  and  that 
its  chemiiol  constitntion  was  represented  by  the  formula  CgHigOT. 

Thia  aabetance  appears  in  the  urine  in  combination  with  urea, 
from  which  it  may  be  obtained  by  precipitation,  by  means  of  barium 
hydrate,  and  extraction  with  alcohol,  and  decompontion  of  the  com- 
pound thus  obtained  by  sulphuric  acid. 

It  holds  the  oxide  of  copper  in  solution  in  the  presence  of  an 
alkali  and  reduces  it,  throwing  down  the  suboxide,  upon  boiling 
ether  in  Trommer's  or  Fehlin^s  testa;  and  a  dmilar  reaction  occurs 
with  the  oxides  of  bismuth,  mercury,  and  silver. 

For  the  definite  recognition,  however,  of  glj/cunmic  add,  the  only 
reliable  means  poaaessed  at  present  is  to  thus  obtain  it  pure,  bn^  as 
already  lemsrked,  theprocees  is  long  and  tedious. 

The  polariscope,  unless  used  with  pure  solutions  of  this  acid,  or 
with  Bolotions  of  known  combination,  is  very  apt  to  mislead,  since 
some  of  ite  combinations  rotate  the  ray  of  light  to  the  lef  t^  and  others 
to  iha  right;  and  if  glucose  be  also  present  very  erroneous  ooncln^ 
siona  may  be  arrived  at 

When  pure,  it  rotates  the  lay  of  polarised  light  to  the  right, — 
3S°, — or  to  half  the  extent  of  the  deflection  produced  by  glucose. 

There  is  no  donbt^  however,  that  with  comparatively  small  qnan- 
titiee  of  urine  the  differentiation  of  this  substance  from  the  glncos^ 
which  possesses  similar  chemical  reactions,  may  be  readily  arrived 
at  by  applying  the  test  of  fermentation  by  yeast — a  test  of  great 
delicacy  if  conducted  properly  and  with  due  care  over  meicnry,  and 
one  capable  of  demonstrating  the  presence  of  smaller  quantities  of 
glucose  than  either  Fehling's  eolntion  or  Trommer'a  test  can  detect 

EZFBBIIIBNTS. 

I  have  now  investigated  a  large  number  of  specimens  of  urines 
obtained  under  different  conditions,  in  order  to  trace  as  far  as 
possible  the  presence  of  glysuronic  acid,  and  to  differentiate  it  from 
glucose.    The  fermentation  test  was  always  employed,  and,  whenever 
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■  the  quantities  of  urine  obtained  were  large  enough,  the  chemical 
proceee  was  nndertaken  in  ite  entirety  foi  obtaining  the  acid  pure. 
I  now  chronicle  my  results : — 

Morphia. — The  nnne  secreted  after  the  exhibitioii  of  this  drug, 
either  hy  the  mouth  or  suhcutanecnaly,  contained  a  aabst&nce,  which, 
from  ite  power  to  reduce  Fehlin^s  solution,  has  been  generally 
regarded  as  a  transient  condition  of  glycoaoria,  bnt  after  a  cloee 
investigation  I  find  it  to  be  due,  not  to  the  presence  of  glucoae,  but 
of  glyeuronic  add. 

Chloroform. — I  have  also  satisfied  myself  that  the  redncingpower 
of  the  nrine,  after  the  admiiristration  of  this  amesthetic,  ie  dependent 
entirely  upon  this  acid,  and  is  not  due  to  glucose.  In  this  maimer 
I  have  been  able  to  confirm  independently  the  observations  of 
Mayer  upon  morphia  and  chloroform. 

With  chloroform  I  have,  however,  found  some  exceptional 
inatancea,  in  which  no  reducing  substance  appeared  in  the  nrine, 
but  these  exceptions  over  a  large  number  of  observations  wore 
undoubtedly  rare. 

Curara. — The  glycoenria,  bo  called,  of  cnrara  poisoning  has  long 
been  known,  having  been  first  observed  by  Claude  Bernard,  bnt  I 
have  not  succeeded,  after  an  extended  aetiee  of  observations,  in 
obtaining  any  fermentation  by  yeast  of  these  nrinas,  which  appear 
otherwise  to  be  so  markedly  glycosuric. 

In  these  instances,  however,  it  was  most  difllcult  to  obtain  large 
enough  quantities  of  urine  to  complete  the  whole  chemical  process, 
since  the  curara  itself  interferes  so  decidedly  with  the  secretion  of 
the  kidney ;  and  consequently  I  have  not  been  able  to  separate  out 
the  acid  in  this  group  of  observations. 

Ether.— As  the  result  of  the  administration  of  ether  I  have  never 
found  the  appearance  of  this  acid  or  of  any  reducing  substance  in 
the  urine,  and  it  is  therefore  a  useful  anassthetic  for  observationB 
upon  the  nrinary  system. 

Analysis  op  Ubinb  sbobbted  bt  toe  Rioht  and  Lbft  Kidnst. 

Renal  Nerves  Intad. — With  the  view  of  further  investigating  the 
significance  of  this  glyeuronic  aeid,  I  placed  cannulse  in  the  ureters, 
in  order  to  collect  for  analysis  the  urine  so  secreted  by  the  two 
kidneys  separately.     I  found  that  under  ordinary  conditions  the 
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chemical  constituents  of  the  different  secretions  differed  only  to 
anch  an  extent  as  coold  be  readily  accounted  for  b;  the  difference 
in  the  aize  of  the  two  oigans. 

I  found,  as  the  result  of  these  experiments,  that  if  the  reducing 
substance  was  present  in  the  mine  of  one  side,  it  was  invariably 
found  also  in  that  of  the  opposite  side. 

Section  of  the  Renal  Nervea. — Again,  in  another  aeries  of  experi- 
meiits,  I  collected  and  analysed  the  right  and  left  urinary  secretions 
separately  after  division  of  the  renal  nerves  upon  the  left  side. 
These  obsetratiouB  then  differed  from  those  of  the  preceding  group, 
only  by  the  &ct  that  oue  oigan  had  been  completely  cnt  off  from 
all  nervous  influences  from  any  source  without  the  organ  itself. 

The  Tcsults  which  were  thus  gained  are  most  interesting,  and  an 
iUusbative  series  of  Aeee  experimente  ate  tabulated  below. 

Table  I. — To  ahote  the  Appearance  of  the  Reducing  Substances 
in  the  Right  and  Left  Urinary  Secretions. 


Via.  of  Ob- 
aerratioD. 

DorsUon 
ofObjer- 
vation. 

AnicBthetie. 

Urine. 

Remarks. 

Right 

LefL 

L  1. 

80- 

Ether. 

Q 

O 

The  renal  norra 

2. 

76' 

were   divided 

II.  1. 

180- 

Ether  and  CbloraL 

+ 

+ 

upon  the  left 
«ide   in    each 

III.  1. 

sac 

Ether  and  Morphia. 

+ 

+ 

IV.  1. 

120' 

Ether  and  Ho^>hia. 

+ 

+ 

2. 

120' 

+ 

+ 

+  indicates  the 

8. 
IV.  1. 

120' 
120' 

+ 

+ 

reducing  aub- 

VL  1. 

60' 

loet 

O 

atoace. 

2. 

90' 

+ 

8. 

120- 

YILl. 

30' 

Ether  and  Chlorl^orm. 

o 

+ 

Trace. 

2. 

120' 

+ 

Markedly. 

S. 

lac 

■■ 

o 

+ 

Slight 

Mher. — Where  this  was  the  only  aniesthetic  employed,  I  never 
succeeded  in  demonstrating  the  presence  of  this  reducing  substance 
in  the  urine  (Expt  I.).  But  when  used  in  conjunction  with 
chloral  hydrate  (Expt.  H.)  or  morphia  {Expt  m.,  IV.),  it  was 
present  in  such  abundance  as  to  be  very  readily  recognised. 

This  result  was  produced  upon  both  sides,  and  although  I  am  not 
able  to  state  that  I  could  recognise  any  very  marked  increase  in  the 
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amonnt  excreted  upon  the  left  side,  no  qnantitatiye  analfsia  having 
been  made,  it  certainly  was  present  in  larger  qnantity  than  upon 
the  right  These  results  may  be  explained  aa  corresponding  to  the 
resolte  gained  prerioiiHly  and  ulieadjr  noted. 

CUoro/orm. — As  was  to  be  expected  when  this  annethetic  was 
exhibited  (Expt  Y.),  the  reducing  aubetance  manifested  itself  in 
abandanoe  upon  both  the  injured  and  also  the  uninjured  sides. 

Ether  and  Chloroform. — In  the  instance  in  which  these  two 
aiUBsthetics  were  combined,  a  very  interesting  naolt  was  guned 
(Expt.  VL  and  VIL). 

If  the  chloroform  was  given  to  an^  pronounced  extent  both  sides 
showed  the  reducing  subatance,  but  in  thoee  instances  where  the 
chloroform  was  only  given  at  the  earliest  stages,  and  its  administra- 
tion stopped  before  the  commencement  of  the  collection  of  the  urine 
for  analysis,  a  different  condition  appeared  to  be  induced. 

Under  these  circamstances  no  reducing  substance  was  present  in 
the  urine  secreted  by  the  normal  and  uninjured  kidney,  but  in  the 
urine  which  flowed  from  the  other  kidney,  the  nerves  of  which  had 
been  previously  divided,  this  reducing  substance  was  readily  demon- 
strated. 

In  the  case  of  Experiment  YL  it  was  foond  on  the  left  side  only, 
but  there  only  in  small  quantity,  and  limited  apparently  to  only  a 
short  period  of  time  (YI.,  L.  2),  for  none  could  be  detected,  not  even 
a  tcace,  in  the  first  or  last  stage  of  tbe  observation.  No  traces 
could  at  any  time  be  obtained  on  the  right  aide  at  any  stage. 

In  Experiment  VIL,  however,  a  further  point  is  illustrated.  This 
substance  appeared  distinctly  throughout  the  whole  period  of  obeerv- 
atioD  in  the  left  secretion,  i.e.,  the  side  upon  which  section  had  been 
performed — bnt  much  more  markedly  durii^  the  second  period 
(VIL  L.  2),  during  which  it  seemed  to  reach  its  maximum  and  to  be 
present  in  quantity,  and  then  again  to  fall  oS.  There  was  no  trace 
detected  on  the  right  side. 

In  these  instances,  therefore,  it  was  found  that  this  reduciog  sub- 
stauoe  appeared  upon  the  left  side  only, — npon  the  aide  where 
complete  division  of  the  renal  nervea  had  been  effected, — and  also  that 
the  greatest  output,  in  the  former  instance  (VI.)  the  only  output, 
was  found  to  correspond  with  the  period  of  the  greatest  activity  of 
the  renal  epithelium,  if  the  eltminative  activity  may  be  judged  of 
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by  tbfl  respeotire  qnaDtitiea  of  the  norm&I  urintry  constituents 
eliminated. 

I  have  shown  elsewhere  that  the  renal  secretion,  after  section  of 
tlie  renal  nervea,  ia  a  tme  paralytic  eecretiou,  and  I  find  that  the 
greatest  abnndanoe,  never  very  large  though  distinctly  marked,  of 
this  snbsUnce  occurs  at  the  maximal  display  of  energy  which  is 
reached  just  prior  to  the  outset  of  tbe  stage  of  exhaustion. 

After  a  very  careful  and  exhanstiTe  chemical  analysis  of  these 
difleient  specimens,  I  have  convinced  myself  that  this  substance 
which  is  present  is  not  glucose,  and  that  this  condition  is  not  there- 
fore a  form  of  glycosuria  properly  so-called,  and  I  have  little 
hesitation  in  afDnniog  tbat  it  is  das  to  the  presence  of  glycuronic 
noid. 

It  is,  howsver,  no  essy  task  to  seek  out  the  cause  or  significance  of 
tbeee  resultB.  The  animals  were  fed  with  a  liberal  meat  diet  on  the 
evening  prior  to  the  observation,  and  as  the  urine  showed  no 
tendency  to  reduce  solutions  of  copper  before  the  experiment,  it  is 
necessary  to  conclude  that  this  reducing  substance  is  occasioned  by 
the  disturbance  of  the  economy  resulting  from  the  experiment  itself. 

Again,  since  the  administration  of  chloroform  is  now  recognised  as 
able  to  establish  such  a  condition  in  healthy  animals  by  mere  inhala- 
tion, and  as  I  have  never  succeeded  in  producing  these  conditions 
without  having  employed  this  ansesthetic,  1  am  disposed  to  attribute 
the  appearanoe  of  this  reducing  eubetance  to  the  effect  of  the 
chloroform  inhaled,  although  it  does  not  at  present  seem  possible  to 
appreciate  in  what  particular  manner  or  by  what  altered  process  of 
metabolism  it  is  brought  about 

The  explanation,  further,  of  these  appearances  in  these  leanlts 
upon  one  side  only,  does  not  seem  to  be  very  simple,  but  two 
tbeoriea  may  be  offbred  as  capable  of  accounting  for  these  reeulta — 
firstly,  this  redniung  substance  may  be  eircnlating  in  the  blood 
at  the  result  of  the  conditions  under  which  the  animal  experi- 
mented upon  has  been  placed,  and  that  it  may  be  eliminated  by 
the  one  kidney  alone,  since  the  action  of  the  cells  of  that  organ 
ate  completely  cut  off  from  the  central  nerve  inflnences,  which 
bold  the  other  organ  in  check ;  or,  secondly,  this  substance  may  be 
formed  in  the  cells  of  the  one  organ  alone,  owing  to  the  fact  that 
there  is  a  greater  activity  produced  in  them  by  section  of  the  nerves^ 
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and  thU  is  accampauied  by  a  much  greater  supply  of  blood  to  the 
organ,  which  is  synonynioos  witb  an  increased  supply  of  mateiial 
from  wbich  the  substance  is  formed. 

It  has  already  clearly  been  shown  that  a  condition  may  be 
established  in  the  which  both  kidneys  will  produce  a  similar 
result,  and  it  is  therefore  di£ScuIt  to  imagine  that  this  material  is 
already  in  the  blood,  and  is  being  eliminated  upon  one  side  only; 
but  it  is  not  unieasonable  to  consider  that,  if  only  a  small  supply 
of  material  be  forthcoming,  the  organ  wbich  has  the  greater  supply 
eeut  to  il^  accompanied  by  an  increased  activity  in  the  cells  them- 
aelvee,  will  produce  the  reeulte  described. 

I  lean  to  the  latter  view,  since  the  quantity  in  which  this  rednc- 
iug  substance  appears  in  the  left  secretion  is  sufficiently  abundant 
to  lead  one  to  expect  its  appearance  in  the  right  secretion,  if  the 
substance  were  circulating  iu  that  form  in  the  blood  Itself. 

I  therefore  advance  the  view  based  upon  these  oheerTation^ 
that  there  is  a  distinct  chemical  process  presided  over  by  the  lenal 
epithelium  which  has  as  its  result  the  formation  of  glyevrome 
add,  but  the  precise  nature  of  that  process  aud  upon  the  presence 
of  what  chemical  compounds  it  is  dependent  I  am  at  present  unable 
to  appreciate. 

If  this  acid  may  be  regarded,  as  ia  probably  the  case,  as  a  deriva- 
tive of  an  oxidation  process  of  the  sugars  within  the  animal 
economy,  these  results  may  prove  of  conuderable  importance  as 
ofiering  an  explanation  of  how  the  sugars  are  oxidised  within  the 
system. 

These  observations  were  made  in  connection  with  the  lower 
animals,  and  I  was  thus  encouraged  to  further  pursue  my  observa- 
tions in  r^ard  to  man. 

After  a  prolonged  search  over  several  hundred  cases  of  man, 
both  in  disease  and  health,  I  have  succeeded  in  finding  one  instance 
— this  is  the  first  and  only  recorded  instance,  I  believe — in  which 
this  reducing  substance  has  been  shown  to  be  excreted  in  large 
quantity. 

This  individual  is  a  man  about  tweuty-foni  years  of  age,  who 
apparently  enjoys  perfect  health  and  a  complete  sense  of  well-being, 
and  does  not  suSer  from  any  of  those  symptoms  which  bat  too 
readily  indicate  the  presence  of  glycosuria  in  youth. 
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He  ii,  however,  passing  daily  very  large  quaatities  of  glyeuronic 
acid  in  a  urine  which  is  not  increased  in  qoantily  or  density. 

It  must  not,  however,  be  concluded  from  these  results  that  the 
presence  of  thia  eabstance  is  so  extremely  rare,  for  my  observations 
wew  made  upon  individnals  who  were  believed  to  be  free  from 
diabetes  mellitos,  and  Binco  it  causes  no  apparently  inconvenient 
symptoms  its  presence  may  be  more  frequent  than  one  might  be 
led  to  Buppoee. 

Further,  my  having  shunned  all  cases  of  acknowledged  diabetes, 
I  may  have  nnconeciously  rejected  instances  due  to  the  presence 
of  glyctavnic  acid  in  the  urine  which  have  been  supposed  to  be 
glacose.  It  is  not  unlikely  also  that  some  cases  of  trae  glycosuria 
may  have  been  preeeut  also  in  the  urine  glycaronie  acid,  in  which 
case  they  will  very  effectually  mask  each  other. 

The  difficulties  to  be  met  with  and  overcome  in  order  to  demon- 
strate the  presence  of  both  substances  in  the  same  urine  are  ex- 
toemsly  great,  and  I  may  here  state  that  the  usual  solutions  of 
lead  or  baryta,  which  are  recommended  to  be  added  to  orine  for 
the  purposes  of  clarification  before  using  the  polariscope  to  estimate 
the  quantity  of  sugar  present,  are  not  sufficient  to  eliminate  all 
chances  of  follacy  in  the  event  of  glffcaronic  add  being  present  as 
well  as  glucose. 


The  Voloanio  Eraption  at  Bandaiaan.    By 
O.  Hiofaie  Smith.     (With  a  Plate.) 

(BeadJ*niUTy20,  1S90.) 

The  principal  phenomena  connected  with  the  great  volcanic 
eruption  at  Bandaisan,  in  Japan,  have  been  described  by  Professor 
S.  Sekiya  and  Mr  T.  Kikuchi  in  their  official  report,*  but  certain 
features,  especially  with  reference  to  the  effects  of  erosion  on  the 
ejected  materials,  seem  worthy  of  more  detailed  description. 

To  make  the  account  intelligible,  it  will  be  necessary  to  describe 
briefly  the  chief  features  of  the  eruption.  The  name  Bandaiaan  is 
given  to  a  group  of  peaks  lying  in  laL  37°  6'  N.  and  long.  140°  6' 

•  Trans.  SeUmalogieal  Safety  of  Japan,  1889,  and  Joarrml  of  the  College  of 
Science,  Imperial  DniTcraity,  Japao,  voi  iiu  pnrt  iL 
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£.  Before  the  eniption  there  were  four  peaks— Obandai,  Kobondai, 
Kushiga-muie,  and  AkohoDi-jama.  They  are  of  volcanic  origin  and, 
according  to  tradition,  formed  at  one  time  a  single  mass  which  was 
split  into  four  by  a  great  eruption  early  in  the  ninth  century,  at 
the  time  when  Lake  Inawashiro  was  formed.  BaudaiBan  rises  to  a 
height  of  6037  fuet  above  sea-level,  and  Kohandai  ia  believed  to 
have  reached  almoat  exactly  the  same  altitude.  For  about  t«n 
centuries  the  mountain  had  shown  no  signs  of  activity,  except  by 
the  exietence  on  it  of  a  number  of  hot  springs  and  aoIfataTa&  It 
was,  however,  included  by  Professor  Milue  in  his  list  of  the  active 
volcanoea  of  Japan. 

The  recent  eruption  tookplaceonthelSth  July  1888.  Thei!«  was 
no  premonitory  warning  of  the  catastrophe  except  some  rumblings 
heard  at  7  a.m.  of  that  day,  which  were  followed  by  an  eartliqaake 
of  no  great  intensity.  At  7.45  a  great  explosion  took  place,  by 
which  an  immenae  dond  of  steam  and  debris  was  shot  np  to  a  great 
height  above  the  top  of  Obandai,  and  this  explosion  was  quickly 
followed  by  fifteen  or  twenty  minor  explosions.  The  result  of  these 
explosions  was  that  practically  the  whole  mass  of  Kobandai  was 
shattered,  aud  the  mateiials  foinnng  it  were  spread  over  an  area  of 
27'31  square  miles.  As  calculated  by  Professor  Sekiya,  the  volume 
of  material  moved  by  the  explosion  was  1587  x  10*  cubic  yards,  or 
say  a  cone  with  a  diameter  of  1000  yards  at  the  base  and  a  height 
of  760  feet. 

The  shattered  fragments  of  the  mountain  travelled  in  two  direc- 
tions. The  main  stream  went  northwards,  spreading  out  as  it 
advanced,  overwhelming  a  number  of  villages  and  hamlets,  and 
entirely  damming  up  the  Nagasegawa,  the  chief  feeder  of  Lake  Ina- 
washiro. The  other  stream  took  a  Bonlh-south-easterly  direction  over 
the  flank  of  Eushiga-mine  and  down  the  valley  of  the  Biwasawa 
towards  the  village  of  Min^,  part  of  which  was  swept  away.  This 
may  be  called  the  TAini  stream.  The  eruption  was  due  simply  to 
an  explosion  of  steam,  do  lava  or  pumice  being  ejected,  and  the 
so-called  "mud"  which  spread  over  the  country  was  simply  the 
matter  which  had  formed  the  mountain,  more  or  less  moistened  by 
condensed  steam  and  by  water  which  had  existed  in  the  mountain, 
but  most  of  it  was  certainly  not  wet  enough  to  deserve  the  name  of 
mud.     The  scattered  materials  may  be  deecribed  as  being  for  the 
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most  put  earthy,  mixed  with.  stoDes  of  all  aiies;  but  at. certain 
places,  mostly  near  the  crater,  there  were  great  piles  of  lai^  blocks 
of  atone  almost  free  from  earth.  TbU  was  specially  the  case  at  tlie 
K.E.  Gomei  of  the  crater,  where  the  eratet-wall  showed  a  magnifi- 
cent section  of  beds  of  lava  intercalated  with  layers  of  scoriaceous 
material,  lying  uuconformably'on  each  other. 

The  manner  in  which  the  fragments  of  Eobandai  travelled  out- 
wards resembled  closely  the  rush  of  water  from  a  reservoir  on  a  bill 
when  the  embankment  has  bnrst.  The  stream  followed,  as  a  whole, 
the  line  of  least  resistance,  hut  after  descending  a  considerable  way, 
and  having  acquired  a  very  high  speed,  part  of  it  flowed  up  hill 
again,  and  where,  in  descending  the  valley,  any  mountain  spur  met 
it  at  a  sharp  angle,  it  rushed  up  the  hill  side  in  some  cases  to  a 
height  of  as  much  as  120  or  150  feet  above  the  general  level  In 
one  place  the  torrent  passed  over  a  col  about  200  feet  high.  The 
average  velocity  is  given  by  Sekiya  as  48  miles  an  hoar.  In  one 
reepect  this  earth-torrent  behaved  differently  from  a  torrent  of 
water,  viz.,  in  the  way  in  which,  owing  to  internal  friction,  it  came 
suddenly  to  rest  as  if  it  had  all  at  once  been  solidified.  This  is  very 
marked  in  the  case  of  the  Min^  stream,  which  ended  in  a  bank  with 
a  nearly  vertical  face  just  above  the  village. 

In  addition  to  the  damage  done  by  the  earth-torrents,  the  forests 
all  round,  except  where  sheltered  by  hills,  were  almost  entirely 
destroyed  by  the  eruption.  Most  of  the  trees  were  uprooted  or 
broken  off,  and  the  few  that  remained  had  not  only  every  leaf  and 
twig  removed,  but  even  the  whole  of  the  bark  was  stripped  o&  from 
them  OQ  the  aide  facing  Kobandai.  This  destruction  of  the  forests 
was  ascribed  to  a  gust  of  wind  cansed  by  the  eruption.  That  the 
sadden  liberation  of  a  great  volume  of  steam  must  have  given  rise  to 
a  strong  air  blast  is  undoubted,  bat  that  all  the  observed  effects  could 
have  been  produced  by  sach  a  blast  seems  highly  improbable.  This 
was  one  of  the  points  which  I  took  up  when  I  visited  Bandaisan, 
in  May  last,  in  company  with  Dr  C.  G.  Knott.  We  examined  a 
number  of  the  stumps  left  standing,  and  found  that  in  every  case  the 
trunk  on  tiie  side  facing  £obandai  was  pitted  with  holes  of  all 
oizee,  evidently  caused  by  the  impact  of  stones.  lu  some  cases 
aboaem  of  considerable  size  were  found  imbedded  in  the  wood. '  This 
indicated  pretty  clearly  that  the  damage  to  the  trees  had  been 
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cauBed  largely  by  what  may  be  described  as  a  Dearly  borizontal  hail- 
stonn  of  sma]]  stones.  Some  idea  of  tbe  density  of  this  etorm  was 
obtained  by  counting  the  number  of  marks  on  a  measured  area. 
This  vas  found  to  be  from  250  to  300  per  eqoare  foot,  and  it  mnst 
be  remembered  that  most  of  these  vere  probably  made  after  tbe 
bark  bad  been  removed  by  the  fint  part  of  the  storm.  At  a  distance 
of  3  miles  from  the  crater  the  bark  had  been  stripped  from  only 
very  young  trees,  but  tbe  marks  of  blows  could  easily  be  seen  on  the 
bark  of  all  the  trees. 

In  following  the  earth-torrent  from  Min4  up  tbe  bed'  of  tbe 
Biwasawa,  I  was  immediately  struck  by  tbe  extiaordinary  effects 
produced  by  erosion  in  the  short  space  of  ten  months  which  bad 
elapsed  since  tbe  eruption.  The  Biwasawa  Is  only  a  small  stresm, 
and  yet  in  these  tea  months  it  bad  carved  out  a  valley  which  at 
one  place  was,  by  actual  measurement,  80  feet  deep  and  SO  feet 
wide  at  the  top,  and  at  other  places,  where  measurement  was 
impracticable,  was  by  estimation  little  short  of  150  feet  deep.  It 
must  be  remembered,  too,  that  this  one  cutting  does  not  represent 
nearly  the  whole  of  the  work  done  by  the  stream,  which  had  not 
flowed  along  the  same  channel  all  the  time.  Had  the  stream  flowed 
quietly  along  its  channel  for  the  whole  of  the  ten  months,  it  is 
probable  that  it  could  not  have  made  nearly  so  deep  a  cut^in(g  but  it 
was  evident  that  much  of  the  work  had  been  done  by  a  aucceesion  of 
floods.  In  one  place,  for  ioBtancey  a  lake  had  been  formed  which, 
after  reaching  a  large  size,  had  burst  through  the  embankment  which 
held  it  back,  and  the  water  descended  the  valley  with  an  impetuous 
rash,  oatryiug  even  stones  of  a  considerable  size  along  with  it. 
In  other  cases  landslips  had  blocked  the  channel  at  various 
points  for  some  time,  and  during  the  winter  snow-shdes  had 
also  aided  in  forming  temporary  dams.  Even  at  the  end  of  May 
the  stream  was  spanned  at  several  places  by  snow  bridges.  The 
material  through  which  this  cutting  was  made  was,  of  course,  very 
soft,  and  in  many  places  it  had  been  reduced  almost  to  tbe  consistency 
of  mud,  for  all  the  small  tributary  streams  had  been  blocked  by  the 
earth-torrent,  and  the  water  was  taken  up  as  by  a  sponge  by  the 
mixture  of  loose  earth  and  stones.  The  photograph  reproduced  in 
the  Plate  shows  some  of  the  main  features  of  the  erosion  but, 
unfortunately,  the  heavy  mists  which  bung  about  the  hills,  lifting 
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only  for  a  few  niinutee  at  long  intervals,  made  it  impossible  to  get 
reallj  good  views.  The  great  V-shaped  cutting  ia,  however,  clearly 
seen,  and  it  should  be  noted  that,  judging  from  photographs  taken 
soon  after  the  eruption,  and  from  the  descriptions  given  by  visitors, 
this  cutting  ia  entiiely  due  to  erosion. 

The  minor  details  of  the  water  action  were  no  less  interesting. 
The  loose  debris  was,  as  has  been  mentioned,  mixed  with  krge 
hlocks  of  stone.  One  of  these,  diatant  some  SJ  miles  from  the 
crater,  measured  about  18  feet  by  13  feet  by  13  feet,  and  still  larger 
blocks  were  met  with  higher  up.  Now  when  the  water  had  out 
down  to  such  a  block  it  behaved  in  one  of  eereiol  ways.  In  some 
places,  where  the  eroded  channel  was  wider  than  the  block,  passages 
for  the  water  were  cut  round  one  or  both  ende,  and  the  block  itself 
gradually  sank  down  as  the  material  on  which  it  was  supported' 
vras  cut  away.  In  some  cases,  where  the  block  was  long  enough 
to  bridge  the  channel,  a  tunnel  had  been  made  under  it  through 
which  all  the  water  passed.  In  other  cases  waterfalls  of  considerable 
height  had  been  formed  by  such  blocks.  In  these  cases  the  large 
block  was  protected  on  its  upper  side  by  a  number  of  smaller  stones, 
which  prevented  erosion  from  taking  place  behind  it.  The  conse- 
quence of  this  waa  that  the  bed  of  the  stream  for  some  distance 
back  became  nearly  horizontal,  and  the  carrying  power  of  the  water 
was  greatly  decieaaed,  thus  tending  to  make  the  falls  permanent 
It  is  not  to  be  supposed  that  they  will  be  really  permanent,  as  the 
blocks  will  gradually  be  undermined  by  the  water  faUing  over  them, 
but  their  existence  at  present  illustratee  the  way  in  which  differences 
in  ^pe  in  the  bed  of  a  torrent  may  have  been  brought  about  by 
obstacles  which  have  long  since  been  removed.  As  seen  from  above, 
there  were  three  main  lines  of  erosion,  bnt  tiiat  along  the  old 
bed  of  the  Biwasawa  was  by  far  the  most  prominent.  In  addi- 
tion to  these  principal  channels  there  were  numberless  triblitary 
channels,  reproducing  in  roiniatuie  all  the  details  of  mountain 
sculpture. 

In  a  few  years  the  materials  forming  the  earth-stream  will 
consolidate  into  what  will  probably  be  classed  as  a  volcanic  breccia, 
and  erosion  will  go  on  much  less  rapidly.  The  consolidation  has 
indeed  already  begun,  and  it  waa  interesting  to  notice  how  a  sort  of 
laterite  was  forming  out  of  the  more  ferruginous  materials,  which 
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were  in  parts  plentiful  Yegetation,  too,  vnll  before  long  help  to 
protoct  the  surface,  but  at  the  time  of  my  visit  the  only  traces  of 
this  that  could  be  found  were  a  small  fern  and  a  small  plant  of 
lichen  on  the  wann  ground  close  to  a  nearly  extinct  fumarole  in 
the  crater  itself 

In  and  near  the  crater  weathering  showed  itself  in  other  forms. 
Immediately  after  the  eruption  the  walls  of  the  crater  were  nearly 
vertical,  rising  in  some  parts  to  a  height  of  over  1600  feet  above 
the  crater  floor.  In  the  more  rocky  parts  this  has  not  been  greatly 
chained,  but  elsewhere,  through  the  action  of  rain  and  frost, 
constant  landslips  have  been  taking  place,  and  the  precipices  are 
now  no  longer  vertical,  but  are  for  the  most  part  covered  vrith  a 
talus  lying  at  the  angle  of  repose,  ^ain,  the  rugged  "conical 
mounds,"  of  which  hundreds  were  spread  over  the  crater  and  the 
main  earth-stream,  forming  a  most  conspicuous  feature  in  the 
early  phott^^phs,  are  now  smoothed  and  rounded  to  an  extent 
almost  inconceivable  in  so  short  a  time.  Another  striking  feature 
is  the  rapidity  with  which  many  of  the  rocks  lying  about  .the  crater 
are  crumbling  down.  These  have  been  subjected  to  the  action  of 
steam  and  acid  vapours  in  the  heart  of  the  mountun,  by  which 
almost  all  the  constituents  except  silica  have  been  removed.* 
When  exposed  to  the  air  these  blocks  quickly  fall  to  pieceti, 
spherical  flakes  which  soon  fall  into  sand  peeling  off  them  with 
great  ease. 

It  is  worth  considering  to  what  extent  the  gradual  decomposition 
of  the  rock  brought  about  the  final  catastrophe.  The  mountain 
was,  as  it  were,  bound  tc^ther  by  a  number  of  sheets  of  lava, 
which  made  it  strong  enough  to  resist  the  steam  pressure  beneath. 
During  the  past  ten  centuries  these  lava  beds  have  been  gradually 
decomposed  along  certain  lines,  and  at  length  a  time  came  when 
they  veie  no  longer  able  to  resist  the  steam  pressure,  and  the 
mountain  was  blown  to  pieces.  May  not  this,  rather  than  the 
sudden  development  of  a  lai^  quantity  of  steam,  as  usually 
supposed,  be  the  true  history  bf  the  emption  t 

The  eruption  of  Bandaisan  is  certainly  not  the  first  of  the  kind 
that  has  occurred  in  Japan.     Professor  Sekiya  hoe  pointed  out  some 

*  Analytes  nutde  by  Hr  Shimiza  give  the  proportion  of  SiO^  in  this  rock  u 
01 '69  percent.,  while  in  the  natural  rock  tt  wm  odI;  abont  G9'6  per  cant. 
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others  which  appear  to  resemble  it  closely,  and  in  traveUing  throQgh 
Japan  I  came  upon  another  very  striking  example  of  this  kind  of 
action.  This  was  ueax  Ikao — famous  for  ite  hot  springs — where  there 
is  an  old  crater  of  Urge  size,  one  wall  of  which  has  been  completely 
blown  away  and  scattered  over  a  considerable  tract  of  coimtry. 
Standing  on  the  top  of  the  remaining  crater-wall,  one  can  still  trace 
the  path  of  the  torrent  of  debris,  and  the  section  made  by  a  stream 
which  passes  throuKb  it  shows  do  signs  of  lava,  bat  only  materials 
similar  to  those  found  at  Bandaisan.  The  snrface  is  now  covered 
wiUt  vegetation,  but  (here  are  few  bees  on  it,  and  suck  as  there  are 
are  low  and  stnnted,  while  it  is  surrounded  by  healthy-looking 
woods. 


On  Bvolntion  and  Man's  Place  in  Nature. 

By  ProfesBor  Galderwood. 

(Rud  Jannary  27,  ISBO.) 

My  aim  in  this  paper  will  be  to  present  as  concisely  as  possible 
the  problems  involved  in  Man's  Place  in  Natute,  and  to  consider 
briefly  how  far  an  evolution  theory  contribntee  towards  the  solu- 
tion of  these  problems. 

Needful  preliminaries  can  be  disposed  of  briefly.  We  are  agreed 
that  evolution  is  "a  change  from  an  indefinite,  incoherent  homo- 
geneity to  a  definite,  coherent  heterogeneity,  through  continuous 
differentiations  and  int^rations."  Wo  are  agreed  that  this  process 
is  to  be  taken  as  applicable  in  the  history  of  matter  and  motion, 
and  afterwards  in  the  history  of  organised  existence,  raising  the 
whole  problem  of  biology.  We  do  not  require  here  to  linger  over 
the  transition  from  the  one  te  the  other,  as  all  requiremente  are  met 
by  accepting  life  and  its  laws  ss  facts,  and  acquiescing  in  Darwin's 
hypothesis  of  one  or  mora  primordial  geims.  Next,  we  take 
Darwin's  laws  as  applicable  in  the  history  of  organism.  Th^  are 
briefly — (1)  struggle  for  existence,  with  survival  of  the  fl^jst;  (2) 
adaptation  to  environment ;  (3)  hereditary  transmission  o'  acquired 
adaptations.  We  do  not  need  to  raise  the  debate  betwei.n  Darwin's 
view  and  Weismann's  as  to  hereditary  transmisBron,  with  its  two- 
fold bearing,  as  it  concerns  mode  of  ttaosmission  and  the  time 
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needful  for  eecurmg  results.  Qranting,  aa  a  hypothesis,  biological 
evolution  under  the  conditions  stated,  with  reserratlou  of  all  the 
open  problems  concerned  with  the  history  of  evolution,  the  way  is 
clear  for  considering  how  this  theory  of  evolution  stands  related  to 
man's  phice  in  nature. 

While  discDsaing  the  question  from  the  standpoint  of  evolation, 
we  must  accept  Herbert  Spencer's  view  as  conect^  which  takee 
evolution  of  exirienee  aa  a  whole  as  indicating  the  true  range  of  the 
problem  raised.  "  Evolution  becomes  not  one  in  principle  only,  but 
one  in  fact,"  implying  "  one  evolution  going  on  everywhere  after  the 
same  nianuer."  Further,  we  take  it  as  beyond  question  that  man 
belongs  to  Nature,  and  in  respect  of  his  whole  being  comes  within 
the  scope  of  science.  An  evolution  theory  must  include  man,  or 
acknowledge  that  it  is  not  a  theory  of  existence  as  a  whole.  The 
position  of  the  theory  and  of  all  scientific  observers  devoted  to  it 
is  clear.  Every  piece  of  ecientific  work,  whether  concerned  with 
structure  of  organism,  with  functional  activity,  with  visible  adapta- 
tions of  organism,  or  with  manifestations  of  animal  intelligence,  is 
an  essential  contribution  towards  solution  of  our  problem.  On  ihs 
other  hand,  everything  which  tends  to  clear  up  the  specialties  of 
human  life,  whether  concerned  with  the  structure  and  functions  of 
human  organism,  or  with  the  activities  of  human  intelligence  as 
these  are  concerned  with  the  attainment  of  scientific  knowledge 
and  the  government  of  conduct,  is  a  definite  contribution  towards 
the  scientific  conclusion  we  seek  to  reach.  The  outstanding  problem 
is  this, — What  is  man's  place  in  nature  1 

Scientific  inquiry  advances  towards  this  problem  along  the  path- 
way of  biological  research,  always  making  account  of  the  common 
characteristics  of  life.  The  common  condition  of  organic  existence, 
from  the  lowest  form  to  the  highest,  is  the  senaori-motor  nerve- 
system.  The  main  question  is  therefore  definitely  shaped, — What  is 
a  aensori-motor  system  equal  tot  How  much  can  be  scientifically 
made  out  as  lying  within  range  of  such  a  system  when  highly 
differentiated  and  co-ordinated  in  an  elaborate  nerve-centre,  or 
series  of  nerve-centres,  liable  to  modification  in  the  history  of  its 
activity  t  According  to  the  answer  to  this  inquiry  is  the  advance 
made  towards  including  man  within  a  science  of  nature. 

The  laws  of  a  sensori-motor  system,  as  it  provides  for  the  activity 
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of  life,  are  well  defined.     In  accordance  with  these  every  organiaed 

'being  is  placed  in  vital  relation  with  its  environment;  it  is  seneitiTe 

to  contact,  it  ia  capable  of  receiving  sensoiy  impression,  and  of 

responding  to  it  in  action.    This  may  be  reproaented  in  aimplest 

form  thns : — 

Centre  of  Vital  Energy. 

1^ 


Eovtroument. 


Starting  with  this  simple  provision,  leseaich  is  continued  along 
the  line  of  increasing  complexity  in  structure,  until  we  fiod  Special 
Senses,  with  special  terminal  organs  providing  for  definite  modifica- 
tions  of  the  sense  of  touch,  while  the  elaborate  system  of  neive- 
fibies  is  correlated  in  a  nerve-centre  of  proportionate  complexity. 

We  come  within  the  legioa  of  dif&culty  and  debate  when  we 
reach  the  higher  orders  of  animal  life,  classifying  these  together 
aa  we  may  do  in  accordance  with  homoli^es  in  structure  and 
function.  Within  this  group  ws  may  indude  with  mao,  onr  higher 
domesticated  animals,  the  cat,  d(%  and  horse,  and  besides,  the 
monkey  and  ape. 

We  are  thus  brought  directly  upon  the  qneation  of  animal  intelli- 
gence, with  all  the  difficulties  of  observation  connected  with  it 
Here  at  least  we  have  definite  evidence  of  intelligence,  for  which  it 
is  needful  to  account  And  this  problem  is  far  from  easy,  in  view 
of  the  forms  of  life  only  a  little  lower,  A  tendency  has  appeared 
to  seek  abatement  of  this  puzzle  by  the  hypotheeis  that  mind  is 
present  from  the  first  movements  of  life.  There  is  extreme  difficulty 
in  interpreting  snch  a  su^estion,  as  we  recognise  in  representing 
mind-manifestation  in  a  gnat,  in  a  worm,  or  in  a  mollusc.  Besides, 
the  hypothesis  virtually  abandons  the  scientific  conception  of 
evolution,  giving  up  the  attempt  to  demonBtiat«  that  the  appearance 
of  intelligence  is  scientifically  explained  through  elaboration  and 
difierentiation  in  the  nerve-centres.     If  it  is  held  that  "  psychic " 
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action  is  the  constant  attendant  of  vital  action,  and  is  the  true 
explanation  of  it,  we  transfoim  the  theory  of  existence  so  as  to 
represent  it  as  a  single  life  history,  nnfolding  itself  more  folly  as  the 
ages  roll  on, — moying  through  matter,  and  next  through  spirit,  back 
to  the  Idea,  as  Hegel  ropresenls.  Bat  the  scientific  conception 
makes  intelligence  a  later  type  of  being,  evolved  in  the  hiatoiy  of 
oi^nic  advance.     In  this  light  ve  read  the  theory  of  evolution. 

We  ate  therefore  required  to  concentrate  attention  on  the  classifi- 
cation of  the  higher  animals  already  given,  so  as  to  trace  the  appear- 
ance of  intelligence  in  our  world's  history.  As  we  contemplate 
these  higher  animals,  first  in  their  relation  to  lower  orders  of  life, 
and  next  in  their  relation  to  man,  it  seems  plain  that  we  have  to 
deal  with  three  sets  of  facts, — Bensori-motor  activity  in  the  simpler 
organic  forms;  a  simpler  or  lower  order  of  intelligence,  sa  in  the 
dog;  and  a  higher  intelligence,  in  possession  of  man.  It  would 
seem  that  no  scheme  of  natural  history  can  meet  requirements,  if  it 
tail  to  make  account  of  these  three  stages  of  life,  or  three  distinct 
sets  of  facta. 

The  recognition  of  this  sufficiently  clears  the  path,  canTing  us 
forward  to  the  highest  form  of  the  problem,  concerning  man's  place 
innature,  without  our  being  entangled  and  delayed  with  the  question 
concerning  animal  intelligence.  Our  own  intelligence,  as  the  better 
known  to  us  and  the  more  easily  studied,  can  supply  the  essential 
phases  of  this  problem,  and  can  he  discussed  without  prejudice  to 
the  intervening  and  lower  type  of  intelligence.  The  problem  is 
dear  and  definite, — -How  can  sensori-motor  action  evolve  a  rational 
activity?  Or,  taking  the  problem,  in  the  first  instance,  on  the  side 
of  intfilligenoe  alone,— How  can  nerve  sensibility  provide  for  evolu- 
tion of  intelligence  1  That  this  has  been  matter  of  actual  history  is 
fast  becoming  the  traditional  behef  of  thorough-going  evolntioniets. 
Scientific  tests,  therefore,  need  to  be  applied  with  exactness  here, 
seeking  for  facts  and  their  interpretation. 

Given  a  highly-developed  organism,  with  large  adaptation  to 
environment,  and  modified  under  long  application  of  the  law  of  here- 
dity, to  account  for  the  rise  of  intelligence  as  exercised  by  man.  The 
problem  is  certainly  not  an  easy  one,  though  the  popular  scientific 
faith  shows  no  sign  of  misgiving.  Accepting  all  the  conditions  as 
laid  down  by  tiie  evolutionist,  there  stUl  seems  a  set  of  difficulties 
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of  a  urioaBly  perplexing  order.  Thera  I  shall  attempt  shortly  to 
describe,  for  they  do  not  aeem  to  be  at  all  lessened  by  the  most 
recent  inTestigations  and  discuasiona. 

There  is  pnctical  unanimity — at  loaat  ample  agreement  to  susbun, 
oor  scientific  concluaion, — concerning  the  structure  and  functions  of 
the  seosoiy  appantns.  We  may  experience  some  difficulty  in  repre- 
senting to  ourselves  what  feding  is,  as  it  appears  in  the  life  of  a 
snail  or  of  a  fish ;  but  we  ace  at  least  clear  that  there  is  in  both 
forms  of  life  sensibility  to  contact,  and  such  sensibility  ns  prorea 
adequate  to  direct  motion.  We  can  similarly  interpret  sensibility 
along  divergent  lines,  as  in  the  action  of  the  optic,  auditory,  and 
olfactory  nerves  in  higher  life-forms.  An  animal  swerves  as  readily 
under  the  influence  of  light,  sound,  or  odour,  as  under  the  whip ; 
there  seems  no  manifestation  of  intelligence  in  this,  as  there  would 
be  none  in  the  case  of  a  man.  Bnt  intelligence  is  something  very 
different  from  sensory  impression,  whether  it  is  concerned  with 
the  size  of  an  object,  direction  of  a  sound,  or  the  meaning  of  sign. 
How  can  we  explain  the  appearance  of  intelligent  action  t 

The  functions  of  the  best  developed  sensory  system  seem  quite 
inadequate  to  supply  a  scientific  conclusion  here.  Even  if  we  add  all 
the  advantages  connected  with  an  exact  knowledge  of  intelligent  ex- 
perience, as  in  OUT  own  consciousness,  our  difficulties  are  not  abated, 
but  seem  to  come  oat  in  more  perplexing  form.  Take  a  series  of 
sensory  impressions,  even  according  to  the  possibilities  of  the  highest 
organisni,  and  it  seems  impossible  to  find,  either  in  their  nature  or 
in  their  relation,  anything  helpful  towards  an  explanation  of  the 
rise  of  intelligence.  The  sensory  apparatus  can  do  no  more  than 
supply  impressions;  snccessive  impraasions  cannot  even  become  a 
series  without  the  action  of  intelligence  in  comparing  the  impres- 
sions. In  whatever  direction  we  turn,  with  the  best  apparatus  in 
most  effident  order,  we  find  that  intelligent  comparison  is  a  necessi^ 
— a  presappoaition — in  order  that  any  such  experience  as  oars  may 
be  possible.  Impression  must  indeed  follow  contact.  By  the  same 
necessity,  but  with  no  provision  for  permanency  of  the  first,  or  for 
Gompaiison  of  the  two,  a  new  impression  must  result  from  renewed 
contact.  The  history  of  this  is  continual  rise  and  fall  of  feeling, — 
eoDtinnal  flux, — ^but  no  meaning.  Sensations  are  contiuaally 
arrivii^  and  continnally  passing  away.    Even  to  say  as  much  as 
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tbifl  implies  intelligent  discrimination,  for  "  arrivftl "  and  "  disappeac- 
ance  "  are  conceptions  belonging  to  a  self-conacious  being.  A  series 
is  orderly  succession,  knows  and  contemplated  as  such.  This  know- 
ledge organism  cannot  enpply.  In  the  lustoiy  of  three  soccessiTe 
impressions,  No.  1  is  displaced  to  make  room  for  Na  2,  and  this  in 
turn  disappears  that  No.  3  may  appear.  Impression  occnis,  and  tlie 
occurrence  ends. 

^" 

l.(8enMtioD].  2.(SeiiutioQ).  S.SeusatioD. 


Environ  meat. 


If  DOW  we  include  motor  activity  with  sensibility,  eo  making 
account  of  both  sides  of  the  seneori-motor  system,  a  similar  chasm 
seems  to  separate  functional  action  from  rational  activity.  The 
movement  of  the  foot  and  the  ntterance  of  a  word  aie  actions 
widely  apart.  To  express  thought  you  must  have  thought  to 
express;  whereas,  to  move  a  muscle,  no  more  is  required  than  a 
sensori-motoi  system,  stimulated  by  contact  The  problem  is  how 
to  account  scienti6cally,  first,  for  action  provided  for  by  nerve 
stimuli;  and,  second,  for  action  provided  for  by  intelligence  as  its 
necessary  condition.  We  seem  hardly  ready  even  yet  for  grappling 
effectively  with  this  problem.  A  moderate  selection  of  passagee 
from  scientific  works  of  the  day  would  demonstrate  that  we  have 
not  reached  a  recognised  technical  definition  of  "  voluntary  actaon" 
Perhaps  this  can  be  accounted  for  in  a  satisfactory  way  by  the 
present  position  of  science ;  but  as  long  as  this  want  of  exact  definition 
continues,  the  leading  problem  of  our  age  must  be  obscure  and  Ul 
understood.  What  we  need  is,  to  define  with  scientific  precision 
the  difference  between  rational  conduct  and  motor  activity, — the 
contrast  which  the  popular  mind  sees  between  movement  and 
conduct,  as  when  we  speak  of  a  man's  gait  as  peculiar,  but  say  of 
his  "conduct"  that  it  is  wrong.  An  immense  distance  separates 
these  two.  Within  this  space  lies  some  of  the  most  serious  per- 
plexities the  hypothesis  of  evolution  has  to  encounter.  What  is  yet 
to  be  explained  is  that  which  Aristotle  signalised  as  "delibente  pre- 
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feience,"  a  preference  which  is  the  outcome  of  reflection,  forecasting 
possible  consequencesL 

A  reference  to  the  simple  diagram  already  need  will  illnatrate  our 
difflcalties,  when  nerve-action  and  intellectnal  action  are  viewed  as 
distinct. 


Behind  the  nerve -sfBtem, 
2.  Thonghb 


S.   Purpote.  i.  Action. 

The  functions  of  the  sensori-motoi  sjatem  are  so  well  known  as 
to  help  discrimination  here.  The  interaction  of  sensory  and  motor 
nerves,  under  external  stimulus  alone,  gives  reflex  action.  To  this 
most  be  added  the  phenomena  of  inhibition, — the  restraints  which 
a  seuBoiy  system  is  capable  of  placing  on  ita  own  activity,  ffezt,  we 
reckon  the  action  of  sense  in  stimulating  appetite,  which  brooks  QO 
hindrance,  marking  one  type  of  "the  struggle  for  existence,"  of 
which  Darwin  has  discoarsed  with  fulness. 

What  we  need  to  account  for  is  the  immense  advance  occiirring 
in  life  when  intelligence  interposes  to  check  impulse,  and,  after 
carrying  through  a  course  of  reflection,  orginatea  a  higher  motive,  or 
changes  the  paseion  into  actual  motiv&  We  need  not  here  include 
the  still  greater  complexity  of  action  when  moral  considerations 
are  introdnced.     We  restrict  the  reference  to  self-interest. 

The  intervention  of  intelligence  in  the  determination  of  action 
is  an  occumnce  so  different  from  all  that  can  be  traced,  even  by 
faintest  anticipation,  in  lowest  orders  of  life,  that  it  involves  a 
reversal  of  the  law  on  which  the  hypothesis  of  evolution  depends. 
Keeping  in  view  here  the  difference  between  the  lower  unintelligent 
animals  and  the  higher  intelligent  animals,  it  holds  true  for  all  of 
them,  that  the  law  of  pleasure  and  pain  rules  their  life.  It  is 
dominant  in  the  lower  as  in  the  higher ;  but  in  the  higher,  passion 
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is  fiercest,  just,  as  the  muflcuUi  power  is  greatest^  and  the  straggle 
for  gratification  ia  most  violent. 

When  intelligence  is  in  the  ascendant  in  life,  the  whole  position 
is  changed,  even  to  the  extent  of  changing  tho  law  of  activity. 
We  have  to  adapt  our  theoiy  to  this  transformation,  and  in  conse- 
qnence  the  conception  of  evolution  is  placed  in  the  midst  of  a  boat 
of  perplexities.  The  main  question  is  this, — How  can  evolution  of 
organism  account  for  life  capable  of  rational  self -direction  I  Inhi- 
bition may  supply  suggeetions  here,  but  these  avail  only  on  the 
side  of  restraint ;  we  need  here  to  account  for  a  power  which  places 
the  whole  hfe  under  a  new  order  of  government.  When  we  include 
social  rolatious,  there  are  rival  iatereetg,  consequent  competitions, 
and  new  place  and  form  for  progress.  All  these  are  available  for 
analogies.  But  the  main  puzzle  is  untouched  ,~«ut  of  organism  to 
evolve  the  intelligence  which  first  directs  its  oam  activity,  and  then 
directs  organic  activity. 

This  Older — first  intelligent  action,  second  organic  action — is 
esaential  to  the  case.  No  theory  meets  the  requirements  which  does 
not  andertake  to  explain  this  priority.  Here,  in  contrast  with  what 
ie  observed  in  lower  types  of  life,  both  unintelligent  and  intelligent^ 
reflection  shapes  the  purpose  which  the  agent  afterwards  makes  an 
elfort  to  fulfil  This  is  eomething  entirely  new  in  the  activity  of  life ; 
this  presents  the  hardest  problem  in  natural  history. 

What  is  meant  by  Intelligence  as  concerned  with  action  may  be 
best  indicated  by  pointing  out  what  it  does,  for  thus  we  command 
the  facte  and  their  history.  Passion  rises  in  man  just  as  in  the 
animals.  There  is  not  anything  distinctive  here.  But  in  human 
life,  the  passion  is  restrained,  reflection  b^ns,  and  is  prosecuted, 
while  restraint  over  passion  is  maintained.  There  is  comparison  of 
consequences,  contrast  of  the  good  and  the  better,  formation  of  a 
conception,  and  next  of  a  definite  jmrpote,  and  only  then  is  the 
seusori-motor  system  brought  into  action  in  relation  to  its  environ- 
ment. Whether  the  passioa  is  then  gratified,  or  is  not  gratified, 
does  not  affect  our  problem.  In  either  case,  the  whole  course 
of  reflective  procedure  is  carried  throngh.  The  evolution  of  tlie 
power  to  accomplish  this  constitutes  the  great  perplexity.  How  can 
we,  through  continuons  action  of  the  senses,  leacb  the  power  wa 
name  Intellect,  and  that  power  over  intellectual  action  which  we  see 
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to  be  implied  in  tbe  ordinary  conditions  of  its  exercise.  It  does  not 
seem  to  help  lu  to  suggest,  aa  Professor  Bain  doee,  that  feeling 
has  an  intellectual  side  and  a  volitioaal,  for  feeling  neither  thinks 
nor  villa.  What  Cjples  baa  wsU  deecribed  as  "congraent  con- 
secutive activity  of  associated  sense-appaiatos "  does  not  lead  us 
up  to  the  foots  to  be  explaioed'.  When  we  set  receptivity  aud 
activity  in  contmst,  we  con  agree  with  Mr  Romanes  in  naming  the 
contrasts  recepts  and  concepts ;  but  the  laws  of  the  recept;,  as 
these  are  on  the  way  to  the  concepts,  imply  something  more  than 
the  "  congruent  consecutive  activity  of  associated  sense-appaiatua." 
It  doee  not  appear  that  sense-apparatus  is  able  to  evolve  the  power 
which  tajces  control  of  human  activity  in  ita  ordinary  bnt  distinctive 
phases. 

There  ia  still  greats  complexity  of'  procedure  behind  all  this, 
when  we  include  a  representation  of  the  higher  government  which 
we  name  moral  life.  I  have  not  introduced  this ;  there  is  not  room 
for  doing  so  in  this  paper,  and  there  is  already  ample  material 
before  the  Socie^  for  discussion. 

Having  r^ard  to  the  couoiaenees  of  statement  lequiaite  in  such  a 
paper  aa  tliis,  I  have  endeavoured  to  supply  illustrations  sufficiently 
varied  to  admit  of  test  in  conrse  of  anbaequent  debate. 

I  close  by  atatii^  the  geuecal  poeition  maintained.  So  far  as 
human  organism  is  concerned,  there  seem  no  overwhelming  obstacles 
to  be  enconntered  by  an  evolnticm  theory ;  but  it  seems  impoesible 
under  such  a  theory  to  account  for  the  appearance  of  Aottm  soptens, 
— the  thinking,  self-regulating  life,  distinctively  human. 


On  Coral  'Reete  and  other  Carbonate  of  Lime  Formations 
In  Modem  Seaa  By  John  Murray,  LLD.,  KlD.,  and 
Bobert  Irving  F.C.a 

(Read  DeoemlNT  2,  ISSB.) 
The  vast  organic  accumulations  known  as  coral  reefs  ate,  un- 
doubtedly, among  the  most  striking  phenomena  of  tropical  oceanic 
waters.  The  pictnreaqne  beauty  of  coral  atolls  and  barrier  reefs, 
with  their  shallow  placid  lagoons,  and  their  wonderful  submarine 
zooh^cal  and  botanical  gardens,  fixed  at  once  the  attention  of  the 
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early  voyagen  into  the  seaa  of  equatorial  r^ons  of  the  ocean. 
Questions  connected  with  the  peculiar  form,  the  Btnictore,  the 
origin,  and  the  distribntion  of  these  great  natural  productions  have, 
from  the  very  outset,  puzzled  and  interested  all  those  who  del^ht 
in  the  study  of  natural  things.  In  this  commnnication  we  propose 
to  point  out  and  discuss  some  of  the  more  general  phenomena  of 
oceanic  deposits,  with  special  reference  to  the  functions  of  corals  and 
other  lime-secretiag  organisms,  and  the  accumulatiou  of  their  dead 
sheila  and  skeletons  on  the  fioor  of  the  great  oceans. 

Coral  leefe  are  developed  in  greatest  perfection  in  those  ocean 
waters  where  the  temperature  is  highest  and  the  annual  range  is 
least  It  may  be  said  that  reefs  are  never  met  with  where  the 
temperature  of  the  snrfoce  water,  at  any  time  of  the  year,  sinks 
below  70°  Fahr.,  and  where  the  annaal  range  of  temperature  is 
greater  than  12°  Fahr.  Bermuda,  which  is  the  coral  island  the 
farthest  removed  from  the  equator,*  and  one  or  two  other  outlying 
reefs,  may  be,  in  a  sense,  exceptions  to  this  statement,  for  in  these 
exertional  cases  the  temperature  of  the  ocean  water  appears  occasion- 
ally to  fall  to  66°  or  6i°  Fahr.,  and  there  is  a  wider  annual  range 
than  12°  Fahr.  This  condition  of  high  temperature  with  email 
range  in  the  temperatore  of  the  water  is  only  to  be  met  with  in  the 
middle  and  western  portions  of  the  Atlantic  and  PaciGc  Oceans  and 
the  central  parte  of  the  Indian  Ocean ;  consequently,  coral  reefs 
flourish  along  the  eastern  shores  of  the  continents  where  the  coasts 
are  bathed  by  currents  of  pure  oceanic  water  coming  directly  from  the 
open  sea,  while,  on  the  other  hand,  they  are  absent  along  the  western 
shores  of  the  continents  where  the  water  is  colder  and  the  annual 
range  is  very  much  greater — for  instance,  off  the  western  coaets  of 
America  and  Africa.  The  "Challenger"  observations  have  also 
shown  that  the  layers  of  warm  surface  waters  are  much  thicker 
towards  the  western  parts  of  the  great  oceans ;  consequently,  reef- 
forming  organisms  flourish  at  a  greater  depth  along  the  eastern 
shores  of  the  continents  than  in  positions  further  to  the  eastward 
in  the  open  ocean,  where  the  warm  layer  of  water — over  70°  Fahr. 
— is  much  thinner.  Throughout  the  temperate  and  polar  regions 
there  are  no  coral  reefs.  This  is  all  the  more  remarkable,  seeing 
that  organisms  belonging  to  the  same  orders,  families,  and  even 
•  Lat.  82"  N. 
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genera  as  those  vhich  build  np  coral  reefa  flourish  throughout 
colder,  and  even  in  polar,  seas.  In  theae  colder  seas  the  le- 
preeeutatives  of  the  leef-buildera  either  do  not  secrete  carbonate 
of  lime  in  their  body-walle,  or  if  the;  do  so,  the  ahellB  or  skeletons 
are  mnch  less  massive  than  in  tropical  waters.  An  attentive  ex- 
amination of  the  animals  procured  by  the  dredge  and  tiawl  from 
all  depths  shows  that  in  descending  into  deeper  water  in  eqaatorial 
regions  the  amount  of  carbonate  of  lime  secreted  by  the  animals 
living  on  the  sea  bottom  becomes  lees  with  increasing  depth,  and 
all  the  calcareous  structnres  of  the  organisms  become  less  massive 
with  the  descent  into  the  deeper  and  colder  water  of  the  abysmal 
r^ons.  This  remark  does  not,  of  course,  apply  to  the  sheila  and 
skeletooB  of  surface  oiganisms  which  have  fallen  to  the  bottom 
from  the  surface  waters. 

Still  another  illustration  of  the  same  foct  is  furnished  by  the 
study  of  the  pelagic  organisms  collected  in  the  surface  and  sub- 
surface waters  by  means  of  the  tow-nets.  In  the  warmeet  tropical 
waters  there  are  numerous  species  of  Pteropoda,  Heteropoda, 
Gasteropoda,  Foraminifera,  and  Coccospheres  and  Rhabdoepheres 
(calcareous  Algee),  which  lead  a  purely  pelagic  existence,  and  secrete 
carbonate  of  lime  sheUs.  Mr  Murray  estimates  from  his  tow-net 
experiments  that  at  least  16  tons  of  carbonate  of  lime  exists  in  this 
form  at  any  moment  of  time  in  a  mass  of  tropical  oceanic  water 
one  square  mile  in  extent  by  100  fathoms  in  depth.*  The  number  of 
species  and  individuals  of  these  lime-secreting  organisms  decreases, 
and  the  sheila  become  less  massive,  with  a  wider  removal  from 
the  equator  and  an  approach  to  the  colder  water  of  the  poles, 
till  we  find  in  the  surface  waters  of  the  polar  regions  only  one  or 
two  thin-shelled  Pteropoda,  and  one,  or  at  most  two,  dwarfed  species 
of  pelagic  Foraminifera.  It  would  appear  then  that  organisms,  as  a 
whole  or  individually,  are  able  to,  and  actually  do,  secrete  more 
lime  in  regions  where  there  is  a  uniformly  high  temperature  of  the 
ocean  water  than  in  those  regions  where  there  are  great  seasonal 
fluctuations  of  temperature,  or  where  there  is  a  uniformly  low 
temperatoie  of  the  water,  as  in  the  polar  regions  and  in  the  deep  sea. 
In  temperate  seas  more  carbonate  of  lime  is  secreted  in  the  warm 

•  Unmj,  "Strnoture  and  Origin  of  Coral  SmEb,"  Proe.  Soy.  Soc  EdiJi., 
vol.  X.  p.  608,  ISSO. 
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BDDUner  montha  than  during  viatei  montha  Indeed,  a  high  tempera- 
ture of  the  eea  water  ia  more  favourable  to  abundaat  secretion  of 
carbonate  of  lime  than  high  salinity. 

An  examination  of  the  deep-sea  deposits  collected  by  the 
"Gballenger"  and  other  expeditions  in  all  oceans  shows  that,  after  the 
death  of  the  pelagic  organisms  above  lefeired  to,  their  calcareons 
(hells  are  rained  down  on  the  ocean's  bed,  and  there  make  up  the 
larger  part  of. the  deposits  known  as  Fteropod  and  Globigerina 
oozea,  as  well  as  a  very  considerable  part  of  nearly  all  other  maiine 
deposits.  If  we  take  the  samples  of  deep-sea  deponts  collected  by 
the  "Challenger"  as  a  guide,  the  average  peroentoge  of  carbcmate  of 
lime  in  the  whole  of  the  deposits  covering  the  floor  of  the  ooean  ii 
36-83,  and  of  this  carbonate  of  lime,  it  is  estimated  that  fully  90  per 
cent,  is  derived  from  the  remains  of  pelagic  organisms  that  have  bUen 
from  the  snrface  waters,  the  remainder  of  the  carbonate  (rf  line 
having  been  secreted  by  oi^nisms  that  live  on  or  attached  to  the 
bottom.  If  coral  mnds  and  sanda,  together  with  Pteropod  and 
Globigerina  oozes,  be  considered,  it  is  estimated  that  these  contain 
an  average  percentage  of  76*41  of  caibonat«  of  lime,  and  cover 
abont  61,8S9,400  square  miles  of  the  sea  bottom.  We  have 
little  knowledge  as  to  the  tbickness  of  these  deposits,  still  snch  as 
we  have  goes  to  show  that  in  theee  o^anic  calcareous  ooies  and 
muds,  we  have  a  vest  formation  greatly  exceeding  in  bulk  and 
extent  the  coral  reefs  of  tropical  seas ;  they  are  most  widely  diatn- 
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buted  in  equntorial  regions,  but  some  patchea  of  Qlobigerina  oozo 
are  to  be  found  even  witbin  tbe  Arctic  citole  in  the  courae  of  the 
Golf  Stream.  The  table  on  preceding  page  shows  the  estimated 
area  of  the  various  kinds  of  deposits,  witb  tbe  average  depth,  and 
average  percentage  of  carbonate  of  lime  in  eocb. 

Oce  of  the  moat  remarkable  facta  discovered  b;  tbe  "  ChaUengei " 
expedition  is  tbat,  although  the  dead  shells  of  these  pelagic 
organisms  are  rained  down  on  the  sea  bottom,  and  in  ahallower 
depths  accumulate  so  as  to  form  calcareous  deposits  of  im- 
mense extent,  still,  in  other  contignons  but  deeper  areas,  these 
shells  do  not  accumulate  on  the  bottom,  being  wholly  removed 
either  while  foiling  through  the  water  or  shortly  after  reaching  the 
ocean's  floor.  The  pelagic  organisms  are  as  abundant  in  the  surface 
waten  over  the  one  ares  aa  over  the  other,  the  onljr  apparent  differ- 
ence in  the  conditious  being  one  of  depth.  In  the  shallowest 
deposits  of  the  open  sea,  shells  representative  of  nearly  all  the 
Ume-Becieting  surface  organisms  are  to  be  found  in  the  depoeite. 
With  increasing  depth  the  more  delicate  ones  disappear  from 
the  bottom  till,  in  1800  or  3000  fathoms,  it  is  rare  te  find  more 
than  traces  of  Heteropod,  Fteropod,  or  the  more  delicate  pelagic 
Foraminifera,  diells  in  the  deposits,  while  these  same  delicate 
aheUs  occasionally  make  np  fully  one-half  of  the  carbonate  of  limo 
that  is  pieeent  in  depths  of  700  or  1000  fathoms.  Again,  in  the  still 
greater  depths  of  3000  and  4000  fathoms  and  deeper,  the  For- 
aminifera, Cocooliths,  and  Rbabdolitiis  aHe  either  wholly  removed,  or 
an  rspresented  only  by  tbe  broken  fragments  of  the  thickest  and 
moet  compact  shells,  like  Pulmnulina  menOTTlti,  Splumvidtna 
dehiaeem,  or  Olobigetina  eonglobata.  This  gradual  decrease  in  the 
quantity  of  carbonate  of  lime  in  the  deposits  with  increasing  depth 
is  well  illustrated  in  the  following  table,  showing  the  percentage 
of  lime  in  the  samples  of  deep-sea  deposits  collected  by  the 
"  Challenger  "  towards  the  central  parts  of  the  ocean  basins,  away 
from  the  immediate  influence  of  the  debris  from  continental  land 
or  volcanic  islands. 

The  organic  oozes,  including  tbe  red  clays  and  the  coral  deposite, 
make  up  a  total  of  231  samples,  and  are  arranged  as  foUows,  show- 
ing the  percentage  of  carbonate  of  lime  in  relation  to  depth : — 


,,GoogIc 


Proceedings  of  Boyal  Society  of  EdinJmrgh.         \em 


1 


ises  under  600 

athoma,  m.  p. 

.  86-04. 

„     from 

600  to  1000 

■1            11 

66-86. 

1000  to  1600 

II            II 

70-87. 

II       II 

1600  to  2000 

69-55. 

II       » 

2000  to  2500 

If            II 

46-73 

II       II 

2500  to  3000 

11            II 

17-36 

II       1) 

3000  to  3600 

1.            11 

o-ea 

II        II 

3500  to  4000 

II            11 

000. 

„    over 

4000 

,, 

trace. 

The  fourteen  samples  under  600  fathoma  are  chiefly  coral  mods 
and  sands,  and  the  seven  samples  from  600  to  1000  fathoms  contaiu 
a  considerahle  quantity  of  mineral  particlea  from  continents  or 
volcanic  islands.  In  all  the  depths  greater  than  1000  fathoms  the 
carbonate  of  lime  is  mostly  derived  from  the  shells  of  pelagic 
organisms  that  have  fallen  from  the  sur&ce  waters,  and  it  will  be 
noticed  that  these  wholly  disappear  from  the  greater  depths. 
These  figures  are  derived  from  a  study  of  the  "  Challenger " 
deposits  alone,  but  they  are  confirmed,  as  to  the  general  resnlt, 
by  an  examination  of  the  deposits  collected  by  the  U.S.SS. 
"Tnacarora"and"Blake,"byH.M,SS.  "Egeria"and  "Investigator," 
the  ships  of  the  Tel^raph  Construction  and  Silvertown  Companies 
and  other  ships.  One  other  peculiarity  as  to  the  distribution  of 
carbonate  of  lime  organisms  on  the  ocean's  floor  may  be  noted. 
Where  these  calcareous  shells  are  most  abundant  on  the  snrface,  as 
Id  the  tropics,  the  remains  of  the  dead  shells  are  aa  a  role  found  at 
greater  depths  on  the  bottom  than  in  temperate  or  polar  regions, 
where  they  are  relatively  much  less  abundant  iu  the  surface  waters. 
In  his  paper  on  the  Origin  of  Coral  Reefs,  published  many  jears 
ago,  Mr  Murray  painted  out  that  sea  water,  rushing  in  and  out  of 
the  lagoon  twice  in  the  twenty-four  hours,  would  take  up  and  carry 
away  large  quantities  of  the  carbonate  of  lime  which,  in  the  form  of 
coral  sand  and  mud,  covers  the  bottom  of  these  shallow  basins. 
Just  as  the  surface  shells  are  dissolved  by  &lling  throti^h  the  layers 
of  ocean  water,  so  in  this  case  the  dead  coral  fragments  are  dissolved 
by  the  eea  water  that  continually  passes  over  them;  in  this  way 
chiefly  he  accounted  for  the  formation  of  lagoons  in  atells  and  battier 
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During  ths  peat  few  years  a  large  number  of  experimenta  have 
been  carried  on  at  the  Scottish  Marine  Station  for  Scientific  Research, 
with  the  view  of  throwing  some  additional  light  on  the  oceanic 
phenomena  referred  to  in  the  preceding  paiagmphs,  in  bo  far  as  these 
relate  to  the  secretion  and  solution  of  carbonate  of  lime  under  vary- 
ing conditions.  Those  dealing  with  the  secretion  of  carbonatd  of 
lime  b;  organisms  will  be  considered  in  the  first  place,  and  aftei- 
warda  those  treating  of  the  solution  of  the  dead  carbonate  of  lime 
shells  and  skelehina  will  be  discussed, 

A  detailed  account  of  some  of  the  experiments  will  show  the 
nature  of  the  investigations,  and  indicate  the  results  that  have  been 
obtained  in  so  far  as  they  beat  on  the  subjeot  with  which  we  are 
here  dealing. 

Experiment  I.  A  number  of  hens  that  were  laying  eggs  regularly 
were  placed  in  a  wooden  building  where  they  could  not  pick  up 
anbstances  containing  lime  ssllfl,  except  such  as  were  supplied  with 
their  food.  At  first  they  were  not  given  any  lime  with  their  food, 
and  their  diink  was  distilled  water;  in  a  few  days  they  laid  eggs 
with  only  a  membranous  covering.  Sulphate  of  lime  was  then 
given  with  the  food,  and  in  the  course  of  a  few  days  they  commenced 
to  lay  e^s  with  the  usual  carbonate  of  lime  shells,  Wiien  the 
snlphate  of  lime  was  stopped,  the  eggs  again  became  membranous 
and  shelless.  In  this  way  it  was  skown  that  hens  were  able  to  pro- 
vide their  eggs  with  the  usual  carbonate  of  lime  shells  from  the 
silicate,  sulphate,  nitrate,  phosphate,  and  carbonate  of  lime  that  was 
administered  with  their  food.  Further,  it  was  found  that  they  could 
not  make  use  of  the  magnesium  and  strontium  salts  for  the  purpose 
of  forming  shells  for  their  egga*  It  is  believed  that  in  the  case  of 
the  various  lime  saltA  the  lime  passes  through  the  blood  in  the  form 
of  phosphate  to  the  point  of  secretion,  where  it  is  deposited  as  car- 
bonate of  lime. 

Experiment  II.  An  artificial  sea  water  was  prepared,  from  which 
carbonate  of  lime  was  rigidly  excluded,  and  in  this  some  living 
crabs  were  placed.  They  lived  for  many  months,  and  att«r  ecdysis 
produced  the  usual  exo-skeleton  of  carbonate  of  lime  from  the  lime 
salts,  other  than  carbonate,  present  in  the  water,  f 

■  Sm  Appeodix,  Table  lit, 

t  See  Irvine  and  Woodhead,  Froe.  Sog.  Soc  Edin.,  vol.  xv.  p,  SOS,  188S. 
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Experiment  IIL  An  artificial  Bea  water  eimilat  to  the  sbore 
(IL),  abBolntely  free  from  carbonate  of  lime,  vas  Dentral  at  fitst, 
bnt  after  the  introduction  of  living  crabe  became  at  first  elightly 
acid,  and  then,  after  a  time,  distinctly  alkaline  in  charactor.  This 
was  found  to  be  due  to  uric  acid,  area,  and  other  efi'eto  prodacts 
thrown  into  the  water  by  the  crabs,  and  to  their  subsequent  decom- 
position,  with  the  fornjation  of  carbonate  of  ammonia,  and  ultimately 
of  carbonate  of  lime.  In  one  of  tiie  tanks  the  alkalinity  was  eqnal 
to  the  production  of  about  4536  grammes  of  carbonate  of  lime — 
this  representing  the  amount  of  that  body  formed  in  twelve  months 
through  the  agency  of  four  small  crabs,  weighing  in  all  about 
9072  grammes,  and  whose  exo-ekeletons  contained  only  about 
6'184  giammes  of  carbonate  of  lime, 

Experiment  IV.  The  following  experiments  were  conducted  with 
the  view  of  throwing  some  light  on  the  above  changes.  Three  litres 
of  sea  water  and  760  c.c.  of  urine  were  mixed  and  kept  exposed  to 
the  air  at  a  temperature  ranging  from  60'  to  80°  Fahr.  What  was 
lost  by  evaporation  was  made  up  by  the  addition  of  pure  water. 
This  Holution  was  at  first  acid ;  after  a  few  days  it  becune  neutral, 
and  later,  as  decomposition  of  the  urine  advanced,  it  became  strongly 
alkaline.  On  heating  a  portion  of  the  solution,  ammonia  was  given 
off,  so  that  the  alkalinity  was  evidently  due  to  the  formation  of 
ammonia.  After  seven  days  a  balky  flocculent  precipitate  was 
thrown  down,  which  on  analysia  consisted  of  organic  matter,  double 
pboaphate  of  magnesia  and  ammonia,  together  with  a  small  quanti^ 
of  carbonate  of  lime,  as  shown  by  the  following  analysis : — 

Precipiiaie  nfier  Seven  Days. 

Water  and  organic  matter  containing  ammonia,  \  oi.oi 
7-38  grains,     .        .        .        .        ,        .  ) 

Carbonate  of  lime, 4'85 

Phosphate  of  magnesia  and  ammonia,                .  61*10 

Phosphate  of  lime, 12-24 

100-00 

After  other  ten  days,  during  which  time  the  liquid,  filtered  firom 
the  above  precipitate,  was  exposed  under  the  same  conditions,  a 
further  precipitate  ^as  thrown  down,  differing  troni  the  first  in  that 


,,GoogIc 


1886-90]     Dr  J.  Murray  &  Mr  R.  Irvine  m  Coral  Beefs.      87 

it  consisted  principally  of  carbonate  of  lime,  as  shown  by  the  follow- 
ing analysiB : — 

PrtHpitaie  Ten  Days  t^fier  thefirrt  one  abooe  noted. 
Water  and  organic  matter,       ....         20'29 
Carbonatfl  of  lime,  .....         75'35 

Carbonate  of  magaesia,    .....  1*02 

Phosphate  of  magnesia, 3-38 

Ammonia, (none) 

100-00 

Examined  with  the  microscope,  the  precipitate  was  seen  to  conaiBt 
of  the  characteristic  ctystollins  forms  of  carbonate  of  lime.  It 
e&erresced  freely  with  acids.  The  first  precipitate  (seven  days) 
weighed  2'37  giammeB ;  the  second  (seventeen  days),  2*75  grammes 
— that  is,  6*12  grammes  in  alL  Thoa  after  adding  the  carbonate  of 
lime  in  solution,  present  in  the  filtrate,  there  is  practically  enough 
lime  in  these  precipitates  to  account  for  all  the  sulphate  and  car- 
bonate of  lisLO  present  in  the  sea  water  used.  In  other  words,  this 
reaction  had  removed  all  the  soluble  calcium  salts  from  the  sea 
wat«r,  principally  as  more  or  less  insoluble  crystalline  carbonate. 

Experimeni  V.  Au  experiment  was  made  with  a  solution  of  sulphate 
of  lime  of  the  same  strength  as  present  in  sea  water.  600  c.c.  of 
this  solution  was  mixed  with  100  o.a  of  urine  under  the  same  condi- 
tions as  in  the  previous  experiment  (IV.) ;  after  eleven  days  the 
precipitate  was  collected,  and  was  found  to  contain  fil  per  cenL  of 
carbonate  of  lime.  This,  after  adding  the  carbonate  of  lime  in 
solution  in  the  filtrate,  accounted  for  all  the  lime  present  in  the 
original  solution  of  sulphate  of  lime  made  use  of. 

Experiment  YL  In  this  experiment  an  attempt  was  mads  to  imitate 
the  conditions  occurring  in  nature  as  nearly  as  possibla  Nine  small 
dsbs,  weighing  in  all  11  ounces,  were  placed  in  a  shallow  glass  vessel 
containing  2  litres  of  ordinary  sea  water,  and  were  fed  on  mussel 
flesh.  The  water  was  never  rsnewed  nor  aerated,  the  effete  matters 
passing  into  it.  At  the  end  of  fourteen  days  all  the  crabs  bad  died, 
and  were  removed.  The  water  being  then  in  a  putrid  condition,  it 
was  set  aside  for  about  three  weeks  at  a  temperature  ranging  frqm 
70°  to  80*  Fahr.    All  the  conditions  of  tiie  last  two  experiments 
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(IV.  and  V.)  were  observed,  and  it  waa  found  that  OTyatafe  of  car- 
bonate of  lime  had  been  thrown  down  in  amount  practically  eqniva- 
lent  to  all  the  calcium  present  in  the  sea  water  employed. 

HxperimetU  YII.  We  obtained  the  liquot  from  a  nnmber  of 
living  oyatflis,  and  examined  it  before  decomposition  had  begiUL 

It  appeared  to  be  a  mixture  of  lymph  with  unchanged  aea  water ; 
the  specific  gravity  at  60'  F.  was  1'023,  the  amount  of  chlorine 
per  litre  was  17'S6  grammes,  indicating  a  considerable  admixttue  of 
fresh  or  river  water. 
The  total  lime  ia  a  litre  of  this  liquor  was      .     0-7205  gramm^ 

whilst  the  total  lime  in  ordinary  sea  water 

of  the  same  sp.  gr.  only  amounts  to  .     0-5316  „ 

giving  an  excess  of  total  liipe,  .     0-1869         „ 

The  alkalinity  of  the  oyster  liquor  amounted  to    0-3675  „ 

of  carbonate  of  lime  pei  litre, 
whilst  the  alkalinity  of  sea  trater  of  the  same 

sp.  gr.  amounts  to  ....     0-1094  „ 

showing  an   incKase  of    alkalinity 

equivalent  to      ....    0-2581         „ 
per  litre. 

We  have  thns  an  accumulation  of  lime  (in  excess  over  that  present 
in  sea  water)  amounting  to  O'lSSS  grammes  per  litre,  the  greater 
part  of  which  is  in  the  fonn  of  carbonate  in  solution,  presumably 
in  the  amorphous  or  hydrated  condition. 

Any  doubts  as  to  how  this  excess  of  carbonate  of  lima  comes  to  he 
present  is  set  at  test  by  the  fact  that  the  fresh  and  absolutely  unde- 
composed  liquor  containing  this  excess  of  lime  contains  also  (saline) 
ammoniaeal  salts  equal  to  18  parte  per  million,  or  about  sixty  times 
that  present  in  any  sea  waters  we  have  examined. 

Experiment  YIIL  A  similar  experiment  waa  made  with  the 
liquor  taken  from  living  mussels  (from  the  mussel  beds  at  Oianton), 
the  results  coinciding  with  those  obtained  in  Ex.  VII.* 

*  Theoretioll;,  nrea  plus  two  molecales  of  water  give  nrbooate  of 
ammoDia.  If,  thereFore,  carbonate  of  amiuonia  be  a  stage  in  the  formation  oT 
urea,  it  ia  not  unnatural  to  suppose  that,  ia  shelt-fomiing  animala,  the  shell 
Tonnation  may  be  the  stage  withaat  acy  rormation  of  urea.  For  apecial  method 
for  the  determinatian  of  saline  aninionia  in  sea  water,  see  p«ge  101,  Appendix. 


,,Googlc 


1888-90.]     Dr  J.  Murray  &  Mr  R  Irvine  on  Coral  Ree/s.       89 

Experiment  IX.  Albamen  taken  from  a  freahly-Uid  egg  was 
diluted  with  water  and  pare  potash  added,  and  the  clear  solution  was 
NessleriBed.     This  showed  no  trace  of  ammoniacal  salts. 

These  experiments  show  the  alteration  that  is  produced  in  the 
constitution  of  sea  salts,  and  especially  in  the  constitution  of  the  lima 
salts,  by  the  effete  matters  thrown  into  the  sea  by  animals  ;  in  tbs 
case  of  Experiment  III.,  the  effete  matter  from  four  small  crabs 
was  sufQcient  to  produce,  in  twelve  months,  a  quantity  of  carbonate 
oC  lime  eqnal  to  nearly  fire  times  the  weight  of  their  own  calcareous 
atructuree.     Wherever  effete  animal  matters  are  being  thrown  into 
the  sea,  or  wherever  animal  stmcturea  are  undergoing  decay  in  the 
ocean,  decomposition  products,  many  of  them  of  a  complex  con- 
stitution,  pass  into  solution.      Theee,   in    the   presence  of   the 
sea  water  salts,  give  rise  to  many  reactions,  and,  among  others,  the 
formation  of  ammoniacal  salts  always  takes  place  to  a  greater  or  less 
extent     Sea  water  collected  among  the  coral  atolls  of  the  Louisiade 
Archipelago  *  contained  in  one  million  parts — 

Saline  ammonia,     ......  0*48 

Albuminoid  ammonia, 0'18 

0-66 
Water  'collected  hy  the  "  Challenger  "  in  the  North  Atlantic, 
Ist.  30°  20'  K,  long.  36*  6'  W.,  contained  of— 

Saline  ammonia, 0'26 

Albuminoid  ammonia,  .        .  0'16 

0-42 
Water  from  the  German  Ocean  near  land  contained  of — 

Saline  ammonia, 0*13 

Albuminoid  ammonia, 0*13 

0-26 

So  that  water  from  the  coral  reef  r^ons  contained  nearly  twice  as 
much  of  these  ammoniacal  salts  as  water  from  the  Xorth  Atlantic, 
and  nearly  three  times  as  much  as  water  from  the  German  Ocean, 
This  shows,  it  appears   to    ns,   that   the  carbonate   of  ammonia, 

*  Thess  asmpIeB  were  received  tbroagh  Capbdu  WhtrtoD,  F.B.S.,  Hfdro- 
grtphar  to  the  Admiraltj. 
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aridiag  from  the  deoomposition  of  auimal  products,  in  praeence  of 
the  Bolphate  of  lime  of  sea  water,  becomes  carbonate  of  lime  and 
sulphate  of  ammonia.*  Thus  the  whole  of  the  lime  salta  in  sea 
water  may,  in  theee  ciicamstances,  be  changed  by  this  reaction  into 
carbonate,  and  may  in  this  way  be  pieeeated  to  the  coiat  and  shell 
bnildeis  in  a  fcffm  Bnitable  for  their  requirements.  The  temperature 
of  the  water  is  of  great  importance  in  this  reaction.  In  cold  water, 
of  which  the  great  bulk  of  the  oeean  consuts,  the  decomposition  of 
nitrogenous  organic  matter  is  greatly  retarded,  whereas,  in  tropical 
surface  waters,  it  proceeds  with  great  rapidity.  Here,  then,  we 
have  probably  the  explanation  of  the  great  deyelopment  of  the 
massive  structures  formed  by  lime-secreting  organisms  in  the  coral 
reef  regions,  which,  as  has  been  pointed  out,  are  also  the  regions  of 
highest  and  most  uniform  temperature  in  the  ocean.  In  the  same 
way  we  may  account  for  the  great  extension  of  lime-secreting  pelagic 
oi^anisms  in  the  tropical  surface  currents  that  Sow  north  and  south 
from  the  equator.  Thus  coral  reef-builders  and  pelagic  organisms 
may  iiot  only  benefit  by  the  decomposition  prodncte  arising  from 
their  own  effete  matters,  but  also  from  the  nndecomposed  nitrogenous 
mattra  carried  to  equatorial  regions  from  the  cold  water  of  the  deep 
aea  or  from  polar  regions. 

The  quantity  of  carbonate  of  lime  normally  in  sea  water  is  ex- 
ceedingly small,  and  the  opinion  hitherto  held  seems  to  have  been 
that  lim&«ecreting  organisma  had  to  pump  enormous  quantities  of 
eaa  water  through  their  bodies  in  order  to  be  able  to  separate  out  a 
sufficient  quantity  to  form  their  shells  and  skeletons,  f     It  seems 

*  The  Balplmta  of  unmonia  a  in  tqrn  absorbed  by  the  marine  flora  wbich 
forma  the  food  of  the  mohiie  fitiua,  and  is  in  part  resolved  into  nittates  and 
free  nitrogen. 

+  Biaehof,  Chan,  and  Fhy».  Qui.,  voL  L  p.  180,  ssya; — "  In  order  to  tbnn 
a  conception  of  whftt  testacea  are  capable  of  effecting  by  organic  agency,  I 
determined  the  weight  of  ten  oyatera  and  their  ahells.  After  they  had  be«n 
opened  tbe  encloead  aea  water  was,  as  br  as  poaaible,  removed.  The  weight  of 
theahells  varied  from  273  to  7'57  that  of  the  oyatera.  .... 

"  No  one  can  doubt  that  it  was  the  carbonate  of  time  dluolved  in  the  sea 
water  which  aUmt  furnished  the  material  Cor  the  formation  of  these  sheila. 

"If  now  we  assDme  that  the  aea  water  contains  nim  of  carbonate  of  lime, 
and  that  the  oysters  are  capable  of  deriving  all  their  calcareoua  suhetanoe  from 
the  water  by  organic  agency,  It  follovB  that  the  above  number  of  oyslets  re- 
qnired  for  the  formation  of  their  shelU  31G  to  G37  lbs.,  or  G-2  to  S-O  cnbic  feet 
of  aea  water. 

"  This  quanti^  is  from  27,7flO  to  7G,714  times  the  weight  of  thdr  shells. 
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much  more  probable  that  tbe  reactions  indicated  by  the  above 
'  «xperimenta  render  the  whole  of  the  lime  salts  in  the  aea  water,  and 
eeped&Uy  tbe  sulphate,  available  for  tbe  coral  polype  to  construct  their 
nmseive  atruetnres.  In  higher  animals,  like  hens,  the  carbonate  ot 
lime  is  aecreted  from  tbe  blood ;  but  in  coral  polyps,  in  which  ^ere 
is  DO  true  uicolatory  system,  and  where  the  animal  is  immersed  in 
the  sea  water,  it  is  moot  probable  that  the  reaction  above  referred 
to — the  formation  of  carbonate  of  ammonia — is  in  every  way  advan- 
tageous to  these  lime-secreting  organisms,  and  facilitates  the  deposit 
tion  of  carbonate  of  lime  by  the  protoplasm.  In  the  case  of  all  the 
lower  claseea  of  lime-eecieting  organisms  this  change  in  the  con- 
stitution of  tlie  lime  salts  may  take  place  within  the  tisenes  of  the 
animals.  In  tbe  case  of  tbe  oysters  (Exp.  YII.)  the  excess  of  ca^ 
bonate  of  lime  observed  in  the  liquor  or  dilated  lymph  was  clearly 
doe  to  the  decomposition  of  tbe  sulphate  of  lime  in  the  sea  water  by 
carbonate  of  ammcmia  secreted  as  sncb  by  the  protcplofim  of  tbe 


The  qoantity  of  salts  is  a  given  volume  of  sea  water  varies  with 
the  position  from  which  the  sample  is  collected,  and  according  as 
the  salinity  is  high  or  low ;  bat  it  has  been  shown,  by  hundreds 
of  analyses  from  all  parts  of  tbe  ocean,  that  the  actual  latio  of 
acids  and  bases — that  is,  the  ratio  of  tbe  constituentB  of  sea  salts 
— is  constant  in  waters  from  all  regions  and  depths  of  the  ocean, 
with  one  very  significant  exception,  namely,  that  of  lime,  which 
is  present  in  slightly  greater  proportion  in  water  from  tbe  greater 
depths.  In  ibe  radinary  analyses,  however,  the  rarer  elements 
are  never  determined,  although  it  is  known  that  there  are  traces 
of  nearly  every  element  in  sea  water.  Theoretically,  every  base 
may  be  combined  with  every  acid,  and  tbe  whole  solution  must 
be  in  a  continual  state  of  flux  as  to  its  internal  constitution.     An 

"  According  to  these  resoltB,  an  oyster  wonld  appsar  to  ba  a  pumjnDg- 
michlDO  of  eitraordiDBiy  activity.  ,  ,  .  , 

"  It  is  also  known  that  in  the  teatacea  there  is  a  eontintMl  carrent  of  wtter 
from  behind  forwarda  within  the  mantle.  .... 

"  Thii  cnrrent  of  water  in  the  a; strra  appears  to  be  aatoniahing  when  wo 
compare  it  with  the  quantity  of  flnid  which  passes  throngb  the  human  body. 

"  When  aman  weighing  ISO  Iba.  conanmet  eTSU  G  Iba.  of  liquid  daily  during 
a  period  ot  eerenty-tiTe  yeara,  atill  a  quantity  of  liquid,  only  912'5  timee  tbe 
weight  of  hii  body,  would  pass  through  hia  organism,  or  only  about  Vg  *°  A 
of  tb«  SM  water  which  hoa  paaaed  through  the  oyiten." 
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indication  u  to  the  nature  of  these  intemal  changes  is  g:iTen  in 
the  above  experiments,  dealing  chiefly  with  the  reactions  brooght 
about  in  sea  water  by  the  deuom position  of  the  effete  prodncts 
thrown  into  it  by  animals  and  by  the  decay  of  organic  tiaenea. 
Through  the  action  of  the  carbonate  of  ammonia  on  the  solpbate  of 
lime  in  the  sea  water,  it  is  evident  that  there  is  a  prodocUoa  of  a 
large  quantity  of  carbonate  of  lime  iu  a  form  easily  available  for 
lim&«ecreting  organisms.  In  ths  laboratory,  when  carbonate  of 
ammonia  is  added  to  sea  water  nine-tenths  of  the  calcium  in  aolation 
is  thrown  out  as  carbonate  of  lime,  while  the  magneaian  salts  remain 
in  solution ;  so  that  if  the  reaction  above  indicated  be  that  which 
takes  place  in  the  ocean,  then  to  this  circumstance  may  be  due  the 
fact  that  carbonate  of  magnesia  is  almost  wholly  absent  from  recent 
coral  reefs  and  deep-saa  calcareous  formations.  The  above  experi- 
ments appear  clearly  to  show  that  the  alkalinity  of  sea  water  is  due 
to  the  presence  of  carbonate  of  lime  in  solution ;  for,  in  addition  to 
the  fact  that  this  body  is  thrown  down  from  the  decomposing 
solutions  after  these  become  alkaline,  we  find  that  when  carbonate 
of  lime  is  added  to  a  neutral  artificially-prepared  sea  water,  absolutely 
free  ftom  carbonate  of  lime,  it  at  once  gives  the  alkaline  reaction 
common  to  normal  sea  water. 

That  the  amount  of  the  nitrogenous  oi^anic  matter  in  a  state  of 
suspension  and  solution  in  the  ocean  must  be  enormous,  will  appear 
evident  when  it  is  remembered  that  the  floor  gf  the  ocean  through- 
out its  whole  extent  is  covered  with  living  animals,  that  the  surface 
and  sub-surface  waters  and  shallow  depths  off  all  coasts  are  crowded 
with  plants  and  animals  down  to  a  depth  of  several  hundred  fathoms, 
and  that  the  "  Challenger "  experiments  have  shown  that  some 
species'  of  animals  flourish  in  all  intermediate  depths  in  ocean  water 
from  the  surface  down  to  the  very  bottom.  The  waste  products 
arising  from  the  functional  activity  cff  these  organisms,  and  the 
nitrogenous  oi^nic  products  arising  from  the  decomposition  of  their 
dead  bodies,  must  work  continual  changes  on  the  internal  constitu- 
tion of  sea-water  salts,  varying  according  to  their  amount,  the 
temperature,  sunlight,  and  other  conditions.  It  has  been  shown 
that  ammouiacal  salts  are  to  be  found  everywhere  in  the  ocean,  but 
much  more  abundantly  in  the  warm  tropical  waters  than  in  the 
polar  seas — a  result  due  to  the  rapid  decomposition  of  nitrogenous 
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organic  matters  at  a  bigh  temperature,  and  ito  retardation  in  colder 
waters.  The  ammonia  of  the  air  and  all  the  substanceg  carried  into 
the  eea  by  the  drainage  from  the  land  also  effect  changes  in  the 
internal  constitution  of  the  sea  water ;  indeed,  the  peculiar  pelagic 
,  and  fiota,  which  are  met  with  in  all  regions  of  the  ocean  where 
cean  is  affected  by  river  and  coast  waters,  are  oa  much  in  rela- 
ion  with  the  internal  constitution  of  the  sea-water  salta  as  with  the 
lower  salinity  which  prevails  in  these  citcmustancea  It  is  well 
known  that  organic  sabstancea  in  the  presence  of  allcaline  and 
earthy  sulphates  become  oxidised  at  the  expense  of  the  oxygen  of 
these  salts,  with  the  production  of  carbonic  acid  and  sulphuretted 
hydrogen,*  which  on  oxidation  produces  sulphuric  acid.  The  whole 
of  the  organic  carbon,  which  it  has  been  pointed  ont  is  of  enormous 
amount,  must  apparently  be  oxidised  into  an  equivalent  amoont  of 
carbonic  acid,  and  farther  of  sulphuric  acid.  The  efiects  of  this 
reaction  are  likely  to  be  more  marked  in  the  deeper  parts  of  the 
ocean,  where  all  motions  of  the  sea  water  must  be  extremely  slow, 
and  where  consequently  the  effete  products  tend  to  accumulate. 
In  this  way  the  larger  amount  of  lime  and  carbonic  acid  and  the 
leas  amount  of  oxygen  in  deeper  waters  are  to  be  accounted  for. 
Ifot  only  so,  but  the  very  existence  of  such  a  relatively  large 
quantity  of  sulphate  of  lime  in  sea  water  goes  far  to  prove  that 
this  reaction  is  continually  taking  place,  seeing  that  sulphuric 
acid  cannot  exist  in  a  free  state  in  the  presence  of  carbonate  of 
lime.  Thus  it  is  probable  that  the  quantity  of  sulphate  of  lime  in 
solution  in  the  ocean  is  limited  anly  by  the  amount  of  organic 
decomposition  that  takes  place  in  ocean  waters.  On  the  other 
band,  if  marine  organisms  procure  the  whole  of  their  carbonate  of 
lime  from  the  sulphate  of  lime  by  the  reaction  of  the  ammoniacal 
salts,  then  the  amount  of  lime  that  may  be  secreted  from  ocean 
waters  is  likewise  limited  by  the  amount  of  organic  matter  under- 
going this  oxidation  process  in  the  ocean.f 

•  MSO(+2C-2CO,+MS 
MS  +  C0,  +  H,0-MC0,  +  H,3 

t  Omelia,  Ckemialry,  vol.  ii.  p.  ISl,  states :— "  In  liot  climsles,  at  ou  the 
west  coast  of  Africa,  irfaere  the  water  of  the  rivers  highly  charged  with 
orguiic  raatter,  mixes  with  the  sea  water  which  contaiua  salts  of  sulphnric 
■dd  [snlpbates],  the  same  decompodtios  takes  place,  extending  sometimw  to  a 
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From  the  forgoing  discuBsioti  it  appears  evident  that  in  the  vwioas 
reactiom  taking  place  continually  ia  ocean  waters  there  are  special 
conditions  which  ate  favourable  to  the  secretion  of  carbonate  ol  lime 
by  oTganisma,  chief  among  these  being  a  high  and  unifwin  tempen- 
ture  of  the  water  at  all  seasons  of  the  year. 

If  now  we  turn  our  attention  \a  the  solution  of  the  dead  carbonate 
of  lime  Bhells  and  skeletons  by  the  action  of  sea  water  it  will,  in  like 
nanaer,  be  found  that  the  rate  of  this  solution  varies  greatly  aocotd- 
ing  to  the  conditions  in  which  these  dead  remains  are  exposed  to  the 
solvent  power  of  the  water. 

The  tables  at  the  end  of  this  paper  give  some  of  the  results  of  a 
large  number  of  experiments  that  have  been  conducted  on  the  sola- 
bilily  of  carbonate  of  lime  in  different  states  and  in  difieient  samples 
of  sea  water.  It  may  be  pointed  out  that  the  norn^  amoant  of 
carbonate  of  lime  dissolved  in  sea  water  is  very  small,  especiaUj 
when  compared  with  the  large  amount  of  this  substance  that  is 
continually  being  secreted  from  the  eea  by  oiganisme.  The  amount 
in  ordinary  sea  water  (sp.  gr.  1*026)  is  0'12  grms,  per  lib«.  Sea 
water  may,  however,  take  up  0'649  grms.  per  litre  of  carbonate  of 
lime  in  the  amorphous  or  hydiated  condition.  This  solution  is  then 
supersaturated,  and  on  bsing  allowed  to  stand,  the  carbonate  of  lime 
is  thrown  out  of  oolution  in  the  crystalline  form,  and  after  a  time 
the  solution  may  contain  less  than  is  normally  present  in  sea  water. 
It  has  been  found  that  sea  water  can  hold  in  solution  (at  80'  F.) 
for  at  least  a  week  016  grma  per  litre  more  than  is  normally  pre- 
sent in  it,  and  artificially  prepared  sea  water  can  also  hold  in  solu- 
tion 0'28  grms.  per  litre  for  at  least  a  week,  and  0'12  grma.  (the 
normal  amount  in  ordinary  aea  water)  for  six  weeks. 

It  thus  seems  that  although  sea  water  under  certain  eonditioni 
may  take  up  a  conaiderable  quantity  of  carbonate  of  lime  in  aolntion, 
yet  it  is  unable  permanently  to  retain  in  solution  more  than  ii 
usually  found  to  be  present  in  sea  water,  and  it  is  owing  to  this  that 

diatance  of  27  milu  from  thu  mouths  of  the  rivers,  the  water  containing 
hydroaulphuric  acid,  Bometimea  as  much  as  six  cnbie  inches  to  a  galtoii." 

Tbii  is  conBrnied  frum  samples  of  water,  which  we  hive  eiatoioed,  taken 
from  the  rosdetaBd  at  Honte  Video  bf  the  tolegraph  ship  "  Seine."  It  consiitl 
of  a  mixture  of  ftvsh  and  »lt  wftter,  with  a  cooaidenble  amount  of  orginic 
matter  which  has  decomposed  the  sulphate,  (pviag  rise  to  a  Urge  amonut  ol 
hydrosulphnrie  aciii 
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the  unoant  of  carbonate  of  lime  U  so  constantly  low.  The  reaction 
between  orgaoic  matter  and  the  sulphatea  preBent  in  sea  water,  to 
which  we  have  referred,  tends  also  to  keep  the  amount  of  carbonate 
of  lime  in  solution  at  about  one-half  (0'12  grms.)  of  what  it  might 
contain  (0'2S  grma.  per  litre).  This  pecnliaritf  of  sea  water,  in 
taking  up  a  large  amoant  of  amorphous  carbonate  of  lime  and 
throwing  it  out  in  the  ciystalline  form  accounts  for  the  filling  up  of 
the  interstices  of  massive  corals  with  crystalline  carbonate  in  coial 
islands  and  other  calcareous  formations,  so  that  all  traces  may  ulti- 
mately be  lost  of  the  original  organic  structure. 

Ouc  experiments  ^ow  that  there  is  very  great  diversity  as  to  the 
amount  of  carbonate  of  lime  that  will  pass  into  solution  in  sea- 
water  from  various  calcareous  structures  in  a  given  time.  As  a  rule, 
the  more  definitely  crystalline  the  subatance  the  less  is  it  soluble. 
Crystalline  calcspar  is  less  soluble  than  massive  varieties  of  coral, 
and  these  again  less  so  than  the  more  porous  varieties.  To  a  cer- 
tain extent,  this  variation  may  be  accounted  for  by  the  amount  of 
aurface  exposed  to  the  solvent  action  of  the  water,  which  is  much 
greater  in  porous  coral  than  in  calcspar;  but  it  is  found  that  finely- 
powdered  calcspar  is  less  soluble  than  finely-powdered  coral,  and  we 
have  already  noted  that  the  amorphous  or  hydratad  carbonate  of 
lime  is  much  more  soluble  than  any  other  form  of  the  substance. 
In  shells  and  corals  those  layers  which  have  been  recently  depesited 
by  the  animals  are  more  rapidly  removed  in  solution  than  those  of 
older  date,  which  have,  in  consequence,  assumed  a  mora  crystalline 
structure.  The  rate  of  solution  is  also  much  greater  when  the  water 
ia  constantly  renewed  than  when  the  same  water  remains  in  contact 
with  the  coral,  and  the  solution  approaches  to  saturation.  1 1  appears, 
then,  that  those  portions  of  a  coral  or  shell  that  have  been  recently 
in  direct  life-connection  with  the  organism  are  more  soluble  than 
those  portions  which  ate  older,  and  have  consequently  largely  passed 
into  the  crystalline  condition. 

In  conducting  these  various  experiments  with  carbonate  of  lime, 
we  were  early  led  to  suspect  that  difi'eient  samples  of  sea  water 
possessed  very  different  solvent  powers,  and  thia  was  confirmed  by 
special  observations.  For  instance,  water  taken  last  summer  (1889) 
from  the  German  Ocean,  30  miles  outside  the  Island  of  May,  had  a 
very  distinct  solvent  power  on  the  corals  exposed  to  its  action,  while 
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w&ter  taken  in  Jannoty  1890  from  the  Bame  spot,  and  having  s 
Blighty  lower  specific  grari^,  exerted  little  or  no  solvent  action  on 
the  same  corals.  These  remarks  also  apply  to  waters  token  from  near 
shore  at  Nortii  Berwick  and  Qranton  in  the  summer  of  1889  and 
January  1 890.  The  lower  specilic  gravity  of  the  winter  waters  may 
be  r^arded  as,  to  some  extent,  reducing  the  solvent  power ;  bnt 
Uiis  is  more  probably  to  be  attributed  to  the  absence  of  free  car- 
bonic acid,  that  is,  carbonic  lusid  in  excess  of  what  is  required  to  e&ivr 
rate  the  free  base  in  the  sea  water  as  normal  carbonate  (CaCO,).  To 
test  this  point,  carbonic  acid  was  added  to  one  of  these  winter 
waters,  hut  in  quantity  not  sufficient  to  destroy  its  alkaline  character. 
Powdered  carbonate  of  lime  was  then  added  to  this  water,  as  well 
OS  to  another  portion  of  the  water  to  which  carbonic  acid  bad  not 
been  added,  and  both  samples  were  allowed  to  remain  under  exactly 
the  same  conditions  for  fourteen  hours.  It  was  found  at  the  end 
of  this  time  that  the  water  to  which  no  carbonic  acid  had  been 
added  had  not  taken  up  any  of  the  carbonate  of  lime,  while  the 
water  to  which  carbonic  acid  had  been  added,  under  the  conditions 
above  stated,  had  dissolved  an  appreciable  amount 

These  results  appear  to  indicate  that  there  is  more  carbonic  add 
in  summer  than  in  the  winter  waters  in  our  latitude,  due  probably 
to  the  increased  activity  of  animal  life,  and  although  it  may  be 
insufficient  to  form  bicarbonate  with  the  free  base  present,  such 
waters  have  a  distinctly  more  powerful  action  on  carbonate  of  lime 
structures,  the  greater  the  quantity  of  carbonic  acid  they  contain, 
and  especially  so  when  the  quantity  is  more  than  would  form  a 
sesqui-carbonate. 

Mr  Buchanan's  observations  on  board  the  "  Challenger  "  showed 
that  the  carbonic  acid  present  in  sea  water,  over  and  above  that 
necessary  to  form  normal  carbonate  of  lime,  was  subject  to  great 
variations.*  In  a  few  instances  it  was  more  than  sufficient  to  form 
fully  saturated  bicarbonate,  but  in  the  majority  of  cases  it  fell  some- 
what short  of  that  amount,  supposing  that  this  surplus  carbonic 
acid  does  leaily  form  a  bicarbonate  with  the  surplus  base.  In  any 
case  our  experiments  have  shown  that  alkaline  sea  water  will  dis- 
solve up  carbonate  of  lime  in  addition  to  what  it  already  contains, 
and  that  the  rapidity  with  which  this  is  effected  depends  on  the 
*  See  Dittmtr,  Phyt.  Chetn.  ChaO.  &^.,  Put  I. 
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excesa  of  carbooic  acid  in  the  sea  vater  over  that  necessai;  to  form 
a  normal  carbonate,  bat  eapecially  over  tliat  required  to  form  a 
seaqni-oarbonate  with  the  surplus  base.  It  also  appears  that  this 
is  a  much  more  effective  agent  in  tbe  removal  of  carbonate  of  lime 
shells  than  the  solvent  power  of  sea  water  itself,  although,  as  we  have 
already  shown,  sea  water  from  which  carbonic  acid  ie  absent  can 
dissolve  carbonate  of  lime  in  addition  to  what  it  normally  contains, 
■till  the  quantity  that  can  be  thus  taken  up  is  relatively  smalL 
Mr  Buchanan's  obeervatiooB  have  also  shown  that  carbonic  add  ia, 
OS  ft  role,  more  abundant  in  bottom  and  intermediate  waters  than 
in  Borface  waters,  although  in  some  places  surface  waters  contain  a 
very  large  quantity,  as,  for  instance,  among  the  coral  islands  of  the 
Fijis.  A  series  of  experiments  have  recently  been  conducted  which 
show  that  carbonated  waters  under  high  pressure  will  take  up  more 
carbonate  of  lime  than  when  at  the  normal  of  atmospheric  pressure.* 

These  results  may  now  be  applied  to  the  explanation  of  the 
removal  of  carbonate  of  lime  shells  and  structures  from  the  deep 
sea  deiMwits,  and  from  the  lagoons  of  coral  islands.  The  fact  that 
carbonic  acid  is  more  abundaut  in  the  deeper  waters  of  the  ocean  is 
evidently  connected  with  the  respiration  and  decay  of  the  organisms 
that  live  on  the  sea  bottom,  and  with  the  decay  of  those  that  fall 
down  to  the  bottom  from  the  surface  of  the  eea.  The  water  that 
fills  the  deeper  hollows  has  also  in  its  passage  to  the  equator  passed 
over  thousands  of  square  miles  of  the  sea  floor  covered  with  living 
animals.  As  this  deep  wat«r  has  a  very  slow  motion  and  is  but 
slowly  renewed,  we  would  expect  an  accumulation  of  carbonic 
acid,  and  a  deficiency  of  oxygen  in  these  abysmal  depths. 

When,  therefore,  a  carbonate  of  lime-secreting  organism  dies  in 
the  surbce  waters  and  the  dead  body  commeucea  to  fall  towards 
the  bottom,  its  shell  is  at  once  exposed  to  solution  from  the  action 
of  the  sea  water  and  the  carbonic  acid,  produced,  it  may  be,  by 
the  decomposition  of  its  own  body.  If  the  shell  be  an  exceedingly 
thin  one,  as  in  the  case  of  Ueteropods  and  some  Pteropoda,  it  may 
be  wholly  removed  before  reaching  the  bottom,  at  the  depth  of  a 
few  hundred  fathoms.  The  great  majority  of  shells,  however,  are 
only  partially  removed  during  the  first  few  hundred  fathoms,  and 
on  reaching  the  bottom  at  these  lesser  depths  they  accumulate 
■  Beid,  Proe.  Aoy.  Sac  Edin.,  to],  iv.  pp.  1G1-1G7, 1683 ;  Appendix,  p.  108. 
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there.  An«r  reaching  the  bottom  more  of  the  shell  ma;^  he  dis- 
Bolved,  bat  in  these  positions  there  are  ciicum stances  which  retard 
solution.  Where  shells  reach  the  bottom  in  depths  of  a  few 
hnndred  fathoniB,  they  are  soon  coveied  up  by  other  ehella,  and  are 
BurTDunded-by  sea  water  which  is  completely  or  nearly  saturated 
with  carbonate  of  lime,  from  its  being  but  slowly  renewed,  and 
from  having  been  for  a  long  time  in  contact  with  a  wide  extent 
of  colcareoiis  depoeits  at  the  bottom  of  the  sea.  It  ia  probahlo  that, 
say,  at  a  depUi  of  500  fathoms,  fully  SO  per  cent,  of  the  carbonate 
of  lime  shells  tiiat  fall  from  the  surface  reach  the  bottom  and 
accomulatfl  there. 

At  depths,  however,  of  1600  or  2000  fathoms  not  mote  than  SO 
per  cent,  of  these  shells  reach  the  bottom  in  a  partially  dissolved 
condition ;  moreover,  the  accnmulation  is  here  alower,  from  s  greater 
number  of  sheila  being  dissolved  in  their  fall  through  the  water, 
and  after  reaching  the  bottom  the  shell  will  be  for  a  longer  time 
exposed  to  ^le  action  of  water  before  being  covered  up  and  pro- 
tected by  the  fall  of  other  shells,  as  is  the  case  in  shallower  depths. 
In  the  great«st  depths  of  the  ocean  all  the  surface  shells  appear  to 
he  lunoved  before  they  reach  the  bottom,  except  probacy  some  of 
the  heavier  and  more  compact  ones,  which  lie  there  uncovered  by 
other  shells  till  wholly  removed  by  solution.  The  water  in  tfaeae 
nd-olay  anas  would,  besides,  take  up  the  lime  mote  readily,  as 
'  there  it  is  not  in  contact  with  great  carbonate  of  lime  deposite, 
like  the  water  overlying  a  Globigerina  or  Pteropod  ooze.  Theso 
deeper  layers  of  water  ar^  more  active  in  the  removal  of  carbonate 
of  lime  than  the  surface  waters,  not  only  because  of  the  larger 
amount  of  carbonic  acid  they  contain,  and  to  the  deoxidation  of 
alkaline  sulphates  by  organic  matter  giving  rise  to  hydrosulphuric 
acid,  but  also  because  of  the  greater  pressure,  and  the  fact  that, 
the  substance  of  the  shells  being  lees  compressible  than  water,  th^ 
would  fall  more  slowly,  and  hence  would  be  longer  exposed  to  the 
action  of  the  deeper  layers  of  water  than  to  the  action  of  those 
nearer  the  sorfaca 

In  this  way  we  appear  to  have  a  perfectly  rational  explanation  of 
the  partial  disappearance  of  carbonate  of  lime  shells  from  the 
shallower  depths,  and  their  total  disappearance  from  all  the  greater 
depths  of  the  ocean.    It  ia  to  he  obsocved  that  all  those  shells  in 
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which  a  conaideiable  qoantity  of  organic  tissue  is  associated  with 
the  carboDftte  of  lime,  disappear  in  Bolutioa  more  lapidly  than  the 
^alls  of  the  Foraminifero,  which  contain  little  orgaaic  matl«r. 
Dnring  the  whole  of  the  "  Challenger"  cmise  onlj  two  bones  of  fishee, 
other  than  the  otoliths  and  the  teeth,  were  dredged  from  the 
deposits,  and  all  traces  of  the  cetaceaa  bones  were  removed,  except 
the  dense  eorbones  and  dense  Ziphioid  beaka  The  remfuns  of 
cmstacean  animals  were  almost  wholly  absent  from  deep-eea  de- 
positB,  with  the  exception  of  Oetraoode  shells  and  the  hard  tips  of 
some  claws  of  ciabs. 

Turning  now  to  the  Isgoons  and  lagoon  channels  of  coral  islands, 
it  is  believed  that  large  qnantitiea  of  carbonate  of  lime  are  in  the 
same  way  being  dissolved  from  these  shallow  basins  as  well  as  from 
the  deposits  of  the  deep  sea,  but  under  somewhat  different  circnm- 
stancee.  In  ^e  case  of  a  shell  falling  to  the  bottom  of  the  sea,  it 
ia  contdnuaUy  brought  in  contact  with  new  layers  of  water,  which 
has  the  same  effect  as  if  a  continuous  stream  of  water  were  passing 
over  the  shell.  In  the  case  of  the  logoone  this  last  is  what  tekea 
l^aoe.  The  water  which  flows  in  and  out  of  the  lagoons  twice  in 
twenty-four  hours  passes  over  great  beds  of  growing  coral,  and  from 
all  the  observations  we  have  is  largely  charged  with  carbonic  acid, 
owing  probably  to  the  large  number  of  living  animals  on  the  outer 
leef  over  which  the  water  passes  on  its  way  to  the  lagoon.  This 
water  passes  continually  over  the  dead  coral  and  sand  of  the  lagoon, 
and  takes  np  and  removes  laige  quantities  of  carbonate  of  lime  in 
aolntion  (as  well  as  suspension)  for  in  these  lagoons  the  spaces 
covered  by  dead  coral  debris  always  greatly  exceed  the  patches  of 
growing  coraL  Owing  to  the  fact  that  the  water  of  the  lagoon  ia 
oontinnally  in  motion,  and  constantly  renewed,  the  layer  in  contact 
with  the  bottom  of  coral  sand  con  never  become  saturated  or  unable 
to  take  np  more  lime,  as  is  apparently  the  esse  in  the  layero  of 
water  in  contact  with  the  Globigerina  ooeo  and  other  calcareous 
deep-water  deposits. 

From  the  forgoing  discussion  and  observationB  it  ia  evident  that 
a  very  large  quantity  of  carbonate  of  lime  is  in  a  conttnual  state  of 
flux  in  the  ocean,  now  existing  in  the  form  of  shells  and  corals, 
bnt  after  the  death  of  the  animals  passing  slowly  into  solution,  to 
go  a^in  through  the  same  cycle. 
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On  the  whole,  however,  the  quantity  of  carbonate  of  lime  that 
is  secreted  hy  animalB  must  exceed  what  U  re-disBolved  by  the 
acticoi  of  aea  water,  and  at  the  present  time  there  is  a  vast  accnmn- 
lation  of  carbonate  of  lime  going  on  in  the  ocean.  It  has  been  the 
same  in  the  past,  for  with  a  few  insignificant  exceptions  sU  the 
oaibonate  of  lime  in  the  geological  series  of  rocks  hss  been  secreted 
from  sea  water,  and  owes  its  origin  to  o^[ani8mB  in  the  same  way  as 
the  carbon  of  the  carboniferous  formations ;  the  extent  of  these 
depoaits  appears  to  have  increased  from  the  earliest  down  to  the 
present  geological  period. 

At  the  present  time  most  of  the  carbonate  of  lime  carried  to  the 
ocean  by  rivers  has  been  directly  derived  from  calcareons  stratified 
rocks  formed  by  organic  agency  in  the  sea  in  earlier  geological  ages, 
bnt  the  calcium  in  these  formations  was  in  the  first  instance  derived 
from  the  decomposition  of  the  lime-bearing  silicates  of  the  earth's 
original  crust,  and  this  decomposition,  which  is  still  going  on  in  the 
aea  and  on  the  land  surfaces,  is  a  continuous  soorce  of  carbonate  of 
lima 

In  considering  the  analyses  showing  the  averags  composition  of 
sea  salts,  one  is  stmck  with  the  relatively  small  quantity  of  those 
veiy  substances  which  are  extracted  so  largely  from  sea  water  by 
plants  and  animals,  viz.,  carbonate  of  lime  and  silica  Siliceous 
deposits  are  of  vast  extent,  yet  silica  occurs  merely  in  traces  in  sea 
water  ;  carbonate  of  lime  deposits  are  of  vastly  greater  magnitude, 
yet  carbonate  of  lime  mokes  up  only  T^th  part  of  the  saline  cons^- 
tnents  of  sea  water,  and  only  ^^^th  part  of  the  whole  bulk  of  sea 
wat«r.  Sulphate  of  lime  is  ten  times  more  abundant  than  the 
carbonate  in  sea  water ;  on  the  other  hand,  the  river  water  that  is 
poured  into  the  ocean  contains  about  ten  times  as  much  carbonate 
as  it  does  of  sulphate  of  lime.* 

The  total  amount  of  calcium  in  a  cubic  mile  of  sea  water  is  esti- 
mated from  analyses  to  be  1,941,000  tons,  and  the  total  amount  of 
calcium  in  the  whole  ocean  is  calculated  at  628,340,000,000,000 
tons.  The  total  amount  of  calcium  in  a  cubic  mile  of  river  water  is 
estimated  at  141,917  tons,  and  the  total  amount  of  this  element 
CHrried  into  the  ocean  from  all  the  rivers  of  the  globe  annually  is 

*  Mumy,  "  Total  Anua&l  BainftU  of  tlie  Olobe,"  ScaUMi  Otog.  Magasme, 
■  vol.  iiL  p.  66, 1887. 
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estimated  at  925,866,500  tons.  At  this  rate  it  would  take  680,000 
yean  for  the  river  drainage  from  the  land  to  carry  down  an  amount 
of  calcium  equal  to  that  at  present  exiatiog  in  solntion  in  the  whole 
ocean.  Again,  taking  the  "  Challenger  "  deposits  as  a  guide,  the 
amount  of  calcium  in  these  deposits,  if  they  be  22  feet  thick, 
is  equal  to  the  total  amount  of  calcium  in  solution  in  the  whole 
ocean  at  the  present  time.  It  follows  from  this  that  if  the  salinity 
of  the  ocean  has  remained  the  same  as  at  present  during  the  whole 
of  this  period,  then  it  has  taken  about  6S0,OO0  years  for  the  deposits 
of  the  above  thickness,  or  containing  calcium  in  amount  equal  to 
that  at  present  iu  solution  in  the  ocean,  to  have  accumulated  on  the 
floor  of  the  ocean.  From  the  data  here  furnished  a  number  of  other 
interesting  speculations  might  be  indulged  in,  relating  to  the  amount 
of  carbonic  acid  that  has  been  abstracted  from  the  atmoephere  and 
fixed  in  carbonate  of  lime  deposits ;  the  total  amount  of  disintegra- 
tion of  lime-bearing  siliceous  rocks  measured  in  terms  of  the  calcium 
at  present  existing  in  solution  in  water  and  fixed  in  calcareous 
deposits ;  the  relative  proportions  of  substances  secreted  from  the 
ocean,  as  compared  with  other  materials  derived  from  the  direct 
disintegration  of  the  land,  forming  deep-aea  depotiits ;  and  the 
apparent  accumulation  of  carbonate  of  lime  formations  towards  the 
eqastorial  r^ons  of  the  globe.  These  various  matters  will,  bow- 
ever,  be  discussed  in  another  place. 

During  the  course  of  these  investigations  at  the  Scottish  Marine 
Station,  the  following  gentlemen  have  assbted  us  in  carrying  on 
the  experiments  referred  to  in  this  communication : — Dr  0.  S. 
Woodhead,  Messrs  G.  Brook,  W.  S.  Anderson,  J.  G.  Ross,  B.Sc., 
G.  Youn&  A.  Drysdale,  and  W.  G.  Keid. 

APPENDIX. 
Modification  of  the  3ielhodfi>r  the  Determitiaiion  of  Ammonium  Sallg 

in  Sea  Water. 
The  method  usually  followed  in  water  analyses,  by  which  solins 
smmoniacal  salts  are  distinguished  from  albuminoid  nitrogenoue 
matter,  in  so  far  as  the  process  of  distUling  the  sea  water  under 
examination,  first  with  pure  magnesia  to  eliminats  the  ammonia 
actually  present,  and  in  the  subsequent  treatment  of  the  residoal 
water  with  solutions  of  potash  and  permanganate  of  potash,  being 
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Tei7  tediona  and  doubtftil  as  to  teeulte,  we  devised  and  adopted  the 
followiug  piocees,  which  was  found  to  aoBwei  exceedingly  welL 
Pure  potash  was  added  to  a  measured  and  carefnlly  filtered  portion 
of  the  sea  water,  and  the  precipitate  formed  removed  by  filiation 
through  filter-paper,  from  which  any  traces  of  ammonia  (genenl]; 
preaent  in  filter-paper)  had  been  removed  by  waahii^  vnth  pore 
potash  water,  the  clear  filtrate  was  then  Nesslerised  in  the  nsoal 
manner.  We  found  that  by  adopting  this  plan  we  had  a  speedy 
and  accurate  means  of  determining  between  the  actual  ammomacal 
salts  and  the  nitrogenouB  matter,  both  of  which  are  as  a  rule  preaent 
in  sea  water  according  to  the  proportion  it  carries  of  living  or  dead 
organisms. 

Exp.  IX.  (p.  89)  seems  to  prove  in  a  conclosive  manner  that  the 
addition  of  pure  potash  to  a  fluid  containing  albuminoids  alone  does 
not  at  once  give  rise  to  the  production  of  saline  ammonia. 


Tablb  I.  Shoming  Ike  Average  Comporition  of  Sea  Water  Saltt 
(Dittmar). 


Chloride  of  aodium,     . 

77-768 

Cblorideofmsgneiiiuii, 

10-878 

Sulphate  oE 

i-787 

Bromide  of 

■217 

Sulphate  of  potaah,     . 

2-«6 

CarbODftte  of  lime, 

■8« 

Dolpliate  of     „ 

a-floo 

Table  II.  Skomng  the  Compoaiiion  of  Sea  Water  (Dittmar). 

Analyaea  of  Sea  Water  in  10,270  parts,  or  1  litre,  density  ,S,j.„ 

W»t«r, 8887-073 

Chloride  of  ladinni,     .                 .  288-980 

Chloride  of  inogneBium,  .         .  40-G68 

Sulphate  of  magaeais,                   .  17  666 

Bromide  of  magnesiom,  .         .  0'809 

Sulphate  of  lime,         ,  13-126 

Sulphate  of  poUsh,     .  9183 

Carbonata  of  lime,       .  .        .  1-287 
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Tablb  IIL  £gg  SheU  {Beh'a),  showing  the  Effect  of  vi 
added  to  Food  of  Hens  (Young). 
Dried  at  212°  Tahr.     Hcmbraae  remoyed. 


BalteUdMltorood.                                      1 

No.  t    !    No.  S. 

No.  4. 
irfLinu. 

Cubonate 

Ko.  e. 

o" 

B«»Ud4R^      1  M<»md. 

No«»l.  j  N— .L 

SanaL 

«.u_ 

Skdle-. 

Analgnti^  Shell. 
Orguiic  matter,   . 

CMbonsleoflime, 
Phoephateoflime, 
Solpfute  of  lima, 

Seii.,  : 

Iron,    .       .        . 

S'SO 

92  03 
111 
trace 

677 

83-07 

lie 

Abont 
lmiid2. 

S&me 
land  2. 

Table  IV.  ShomiiQ  the  Oompoation  of  Artificial  Sea  Waters  com- 
pared mth  ordinary  Sea  Water  (Young). 


ArtHCaiSeaWaU-. 

Water. 

NcL 

No.*. 

NO.S. 

No.  4. 

Chloride  of  aodmin,   . 
Chloride  of  magnadam. 
Sulphate  of  magneeinm. 
Bromide  of  magnenDm, 
Sulphate  of  lime, 

Chloride  of  caldmn.  . 
Carbonate  of  lime,     . 

2-7206 

0-37W 
0  1661 

0-1278 
0-102S 

2-|80i 

0-33'20 
0-1867 

o'iiia 

0-08B8 
0-0908 

2-480t 
0-3320 
0-1367 
0-0079 
0-llH 

0-oses 

0-0903 

2-6996 
0-3696 
01491 

0-1126 
0-0964 

2  7264 
0-3818 
0-1660 
0-0076 
0-1262 
0-0863 

0-0120 

Water,     . 

84862 
86  61*8 

8-2898 
96-7820 

8-2«7 
96-7623 

8-*272 
B6-67S8 

8  6040 

96-4960 
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Table  V.  Shoieing  Composition  of  Eedyged  Crab  compared  with 
ordinary  Shore  Crab  (Anderson). 

AnaljiiB  of  "  Ecdysed  "  Crab  which  had  lived  ten  days  after  casting  in  No. 
2  Water,  and  of  an  ordinary  Crab  to  compare  with  it.  Size  across  the  caia- 
pace,  1|  inches. 


Ecdj»dCr.b. 

Shore  Crab. 

ChitinouB  matter  in  eio-skeletan, 

3-77 

1076  grains. 

5-50* 

Carbonate  of  lime  of  intenor,    including 

025 

1-53       „ 

0041 

o-s»      „ 

Phoaphftt«of)imBinBio-8keleton.       .         . 

2-396 

4-*8       .. 

Phoaphuto  of  lime  of  fleah,  lymph,  and  total 

Water,  fleah,  ftc 

860-00 

3S0-O0       „ 

*  On  a  ntjely  ecdyaed  crab  there  vaa  no  trace  of  lime-salt  deposition,  bat 
in  TDIH  exampls  carbonate  of  lime  had  been  deposited  to  some  extent  before 
the  death  of  the  animal. 


Table  VL  Showing  Comparative  Amount  of  Calcareous  and  Organie 
Matter  in  BdiUe  Crab  (Anderson). 


Water,  blcwJ,  salts,  Ac 

86-46 

Flesh  [gave  I*-56  of  ash,  containing  *-B4-8CaO,PO,)  . 
Outer  calcareous  structure, 

2 '05 
29 '66 
103 

Table  VIL  (p.  86).  Showing  Composition  of  Precipitate  thrown  otd 
of  Mirture  of  Sea  Water  and  Urine  after  standing  Seven  Days 
at  70°  F.  (Anderson). 

Water  and  organic  matter  containing  ammonia  (7'SS  pet  cent.),          .  31 '81 

Catbonalfl  of  lime 4-86 

Phosphate  of  magnesia  and  ammonia, 51 '10 

Phosphate  of  lime, 12-24 

100-00 
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Table  VIIL  (p.  87).  Shmeing  Composition  of  Precipitate  thrown 
out  of  Mixture  of  Sea  Water  ami  Urine  (qfter  filtration  from 
Precipitate  which  wag  Ihroien  out  in  Seven  Days),  standing  other 
Ten  Days  at  70°  F.  (Aoderaon). 

Water  and  organic  matter 20'2S 

Carbonate  of  lime 75'36 

Carbonate  of  magnexia 1-02 

Phoapbate  of  magnesia 8'38 

lOOOO 
Table  IX.  Shomng  Saline  and  Albuminoid  Ammonia  (or  Nitrogen) 

in  1,000,000  jwrt*  of  Sea  Water  (Anderson). 
Water  taken  from  immediate  vidnit;  of  coral  ialanda  (Loaiiiade  GroDp) 

Saline  ammonia 048 

Albnminoid  nitrogen,  taken  as  ammonia 0'18 

0-68 
Water  from  North  Atlantic  (Ut.  30°  20'  N.,  long.  SB"  6'  W.)— 

Saline  ammonia, 0'2S 

Albnminoid  nitrogen, '.        O'lO 

0-43 
Water  from  German  Ocean,  near  land — 

Saline  ammonia, O'lS 

Albuminoid  nitrogen O'lS 


Table  X.  Showing  Solubilities  of  Various  Forms  of  Coral,  ^c, 
Sea  Water. 


AnaUrta-TonngaadAndenoii. 

1 

1 

.a 

AmoDDtSoUbla. 

CaCOs 
per  urn. 

Reawater. 
One 
part  in 

Coral  aand '        . 

Harbour  mml,  Bermnda,       .... 

MilUp«ra  Tama»  (Paiks),  Bermnda,       .          . 

JfmKipora/oiioM  (Pallas),  Amboina,      . 
Omiamnai  mulliiobaia  (Qnelch),  Amboina,    . 
/■urttMcianarw  (Lamk.),  Bennuda, 
JieloUsia,  Kilbrennan  Sound, 
Oeulina  coronalii  (powdered  finely]. 

27 
27 
2T 

27 
27 
27 
10 
U 
10 
10 

12 
12 
12 
12 
12 
12 
12 
12 
12 

ge 

0-0320 
0-0110 
00410 
0-0360 
0-0730 
0  0430 
0-0730 
0-0930 
0  0890 
0-0237 

82,000 
2S,0(H) 
25,000 
28,600 
14,000 
23,300 
14,000 
11,000 
11,600 
42,600 

a  summer  tvatei  from  German  Ocean.) 
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Table  XI.  Showing  SdvbiUtiet  of  various  MoUtaes  and  Onutaeea. 


ABilnU— young  uid  AadenoD. 

i 
1 

1 

3 

Amouitaaliibli.    1 

In 
gnmniM 

CiOOi 
perUtn. 

One 

p«tln 

MdbscU  tUowed  to  rot  in  water  for  7  da;a,     . 
Lobstan           „                    „           8  weaks,  . 
Shrimps           „                    ,.           8     „        . 

17 
10 
10 
10 

168 
fi04 
50< 
601 

0-8840 
1-0620 
1-Oi70 
07S20 

2.817 

B8e 

9SD 
1,809 

Table  XII,  Skomng  Action  of  Wittier  Waiert  on  Carbonate 
of  lAme. 


AaHjrt-Andtnoa. 

' 

1 

3 

Amount  fialnble. 

In 
parts  of 

pert  In 

A  winter  water  fi«m  the  Baltic  Sea,  with 

Ocidina  eormalU, 

A  winter  water  from  North  Bervriok  ahote  did 
not  diswlvB  any  of  the  cryBtallinu  or  coral 
forms  of  carbonate  of  lime.    Another  winter 
water  from  the  North  Sea  did  not  diswilTe 
any,  Dor  did  the  water  taken  at  Granton 
■hore^     But  when  a  quantity  of  carbonic 
acid  water  was  added  to  the  North  Berwick 
water  (inaufficient  to  destroy  iu  alkaline 

ofooral,  tc,  as— 

.0 

10 
10 
10 

18 

16 
18 
192 

0-0110 

0-0(170 
0-007E 
0-0340 

93,800 

16,300 

136,800 
80,200 
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Table  XHL  Showing  the  Solubilities  of  Crj/gtalline  Forma  of 
Carbonate  of  Lime  in  Sea  Water. 


jLialjitt--Aiiaaf>a  rud  DiTHlala. 

<J 

1 

a 

ADMantSolaUa. 

pwUtre, 

One 
p«rtln 

Calcapw,  maadve, 

"      fine^  powder^,     '.'.'.'. 

10 
10 
10 
10 
10 
10 

*7 

120 
S98 
il 
120 
SB6 

0-0076 
0004fl 
0-0000 
0-0082 
0-0062 
0-0000 

136,800 
223,000 

126,000 
187,000 

Table  XIV.  Showing  Soivbiliti/  in  Pure  Distilled  Water. 


jj 

5 

AniMuitSolnbta. 

In 
perut™. 

Calcqar,  manivs, 

,.      impalMbId  powder, 

OaJinaearmaiui  ipovdeni). 

10 

10 
10 

10 

120 
46 
06 

0-011S 
00261 
00286 

0-2«0 

SS,6I>0 
39,800 
86,000 

4,082 

Tabui  IV.  S/ioieijig  SotnhUity  in  Pare  Carbonic  Add  Water 
at  AtmospAerie  Prtsiwre. 


Ctiarpex,  massive, 

„  glBDDltU', 

i,       nne-raained,  . 

,,       iropupcble  powder, 


12.270 
7,780 
4,910 
2,120 
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Tablb  XVIL  Skoteing  the  Effect  of  Simple  Immenion  in  Sea 
Waier  on  Cetiain  Corals. 

The  following  series  of  experiments  an  to  the  solubility  of  Coral 
simply  suspended  in  mass  la  sea  water  and  allowed  to  remain  under, 
as  neatly  as  possible,  the  same  conditions,  for  certain  periods  of 
time,  WBS  made  by  Mr  J.  Galbraith  Boss,  B.Sc. 

The  corals  were  dried  at  100°-110°  C.,  until  the  weight  remained 
constant. 

The  temperature  of  the  water  ranged  from  a  little  over  freezing- 
point  to  40*  F. 


So. 

Spoek*. 

Wslght 

1 

11 

Imu. 

gnmmc*. 

R    1 

1. 

Omlinavariaaa, 

StTh0DlM,W.   I. 

16-3164 

20 

0-0748 

2. 

LeTuk>,FijL 

21 -8540 

16 

30 

0-UB7 

5. 

ie-3334 

IS 

46 

0-1S33 

4. 

26 -loss 

12 

60 

0-OSB5 

fi. 

Bermuda. 

14-2S73 

60 

01613 

a. 

MilUp<^murrayi, 

18-0605 

60 

0-0725 

7. 

I^,^di,cu,, 

44  3132 

scci'len 

tall  J  d. 

s. 

BmnndiL 

22  ■£932 

10 

46 

0  1447 

9. 

M»^n.  Z«bn. 

26'369i 

10 

45 

0-073* 

10. 

8tThoma»,W.  I. 

81-7367 

10 

4G 

0-1707 

Reducing  these  results  to  unit  surface  and  time,  the  relation 
between  them  will  be  better  observed : — 

Na.    1.  Loss  by  solatioii  from  1  square  inch  per  annuii],  0*1706. 

„      2.  „  „  „  0-1188. 

„      8,  „  „  „  _    00647, 

,.4.  „  „  „  *     00463. 

„      5.  „  „  „  01860. 

„      0,  „  „  „  0-066Z 

„      8.  „  „  „  0-1178. 

..      9-  „  .,  „  0-0684. 

»    10-  ,.  ..  .,  01384, 

The  above  series  proves  that  under  the  same  conditions  different 
species  of  coral  are  acted  upon  in  difiereot  degrees  by  the  solvent 
action  of  sea  water.  Further,  it  would  appear  that  the  more 
areolar  or  amorphous  the  coral  is  the  greater  the  action  as  compared 
with  the  harder  crystalline  varieties. 
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Note  on  Bipples  in  a  Viscous  Liquid.     By  Prof.  Tait. 
(Becd  March  3,  1800.) 

Tlie  followiog  investigatioD  was  made  in  conseqaence  of  cartsin 
peculiarities  in  the  esrller  Tesnlta  of  boihb  recent  measnrementa  of 
ripples  by  Prot  Michie  Smith,  in  my  Laboratory,  vhich  will,  I  hope, 
soon  be  communicated  to  the  Society.  These  seemed  to  saggest 
that  viscosity  might  have  some  influence  on  the  results,  as  might 
also  the  film  of  oxide,  tec,  which  soon  gathers  on  a  free  surface  of 
mercniy.  I  therefore  took  account  of  the  density,  as  well  as  of 
possible  rigidity,  of  this  surface  layer,  in  addition  to  the  surface 
tension  vhich  was  the  object  of  Prot  Smith's  work.  The  later 
part  of  the  paper,  where  Cartesian  cdordinatea  are  employed,  tuns 
somewhat  on  the  lines  of  an  analogous  investigation  in  Basset's 
Hj/drodynamies.  My  original  object,  however,  was  different  from 
his,  as  I  sought  the  effects  of  viscosity  on  waves  steadUy  maintained 
by  means  of  a  tuning-fork  used  as  a  current  intemiptor ;  not  on 
waves  once  started  and  then  left  to  themselves.  Besides  obtaining 
his  boundary  conditions  in  a  singular  manner,  I  think  that  in  his 
§  521  Mr  Basset  has  made  an  erroneous  investigation  of  the  effects 
of  very  great  viscosity. 

The  stress-function  in  a  viscous  hqnid  may  be  obtained  {PkH. 
Mag.,  Jan.  1890)  &om  that  in  an  elastic  solid,  by  substitutbg 
velocity  for  displacement ;  in  the  form 

00)  =  -  ixiSwV-o-  +  VSoxr-)  -  (e  -  Jp)<oS Vo-       .     .     ( 1 ) 

where,  in  order  to  include  the  part  of  the  pressure  which  is  not  due 
to  motion,  we  must  write  p  instead  of  the  quantity 

c8K7<r. 

Hare  ^  is  the  vector  velocity  of  an  element  at  p,  and  /t  is  the  co- 
efficient of  viscosity. 

Hence,  supposing  the  volume  of  the  element  to  be  unil^,  we  have 
for  the  equation  of  motion 

e^-'-V{eP)+//<l>Uyds 

-  -  V(»  +  flP)  -  /.(V5-  +  i V8 V«-), 
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where  e  is  the  density  of  the  liqaid,  and  F  the  potential  energy  of 
hdU  mass  at  p ;  aad  the  double  integral  is  taken  orer  the  auifaca 
of  the  element  This  is  a  perfectly  general  eqaation,  so  we  mnet 
proceed  to  the  necessary  limitations. 

Firgt.  Let  the  displacements  be  so  small  that  their  squares  may 
be  neglected.     Then  we  may  write  d  for  3. 

Second.  Let  the  liquid  be  incompressible ;  then 

SV^-O (2). 

With  these,  the  equation  of  motion  becomes 

'^=-^(''+"^'-'*^^   .....    (3). 
Third.'Ijet  the  motion  be  parallel  to  one  plane,  and  we  have 

Skr  =  0 (4). 

From  (2)  and  (4)  we  have  at  once 

tf'-Vw.* (5) 

where  ur  ia  a  scalar  function  of  Ykp. 

Operate  on  (3)  by  V.Vt  and  substitute  from  (G),  and  we  have 


(4^.v.) 


IV*w-0 (6). 

Fourth.  Limit  w  to  disturbances  which  diminish  rapidly  with 
depth.  Here  the  problem  has  so  far  hat  its  generality  that  it  is 
advisable  to  employ  Cartesian  coordinates,  the  axis  of  x  (i)  being  in 
the  direction  of  wave  motion,  and  that  of  j/  (J)  vertically  upwards. 
Then  it  is  clear  that  a  particular  integral  of  (6)  is 

u.  =  (Al''+Bi'')s""-" (7) 

where  t  denotes  J  -i-  The  only  conditions  imposed  on  r,  «,  and 
n,  are  that  the  real  parts  of  r  and  s,  in  so  far  as  they  multiply  y, 
must  be  positive ;  and  by  (6) 

M^-r-).™ (8). 

The  speed  of  vertical  displacement  of  the  surface  is  found  from 

1--(^■^).  =  (S•V«'),--n(A  +  B)l'"+-^   .     .    (9). 
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.  d*5 


From  this,   -3  and  -7-?  ,    whioli    will    be    required    below,   are 
found  by  using  the  f&ctara  -  r^  and  1*. 

The  stress  on  the  free  surface  (where  y  —  Tj,  a  quantity  of  the 
order  A)  ia,  by  (1), 

(*/■).- -W-M^V.'>-  +  V%V).    .    .    (10) 
where,  in  p,,  we  must  iuclade  the  effects  of  thetensIonT,  andof  the 
flexural-iigidity  £,  of  the  surface-film. 

But,  by  (3)  and  (6),  we  have 


so  that  as 
we  have 


P=OT 
dp  +  egdy  ^  eni(ndy  -  rdx)At'^^"^'^ . 


From  this,  by  integratii^  and  introducing  the  surface  conditions, 

n -Po  - 1^  - 1^  +  E  g  +  enAi'"^', 

If  we  now  substitute  this  in  (10)  and,  for  the  boundary  con- 
dition,* make 

(omitting  terms  of  the  second  degree  in  A  and  B),  we  have  by 
means  of  (9)  the  two  equations 

R(A  +  B)-  en'A  +  2/im(rA  -1-  «B)  =  0 , 
i^(A-i-B)  +  r»A  +  *'B.O, 
where,  for  shortness, 

R  =  e?r-^Tr»-|-EHl (11). 

Thus,  finally, 

R-en!-H4^.-H4^r*(r-*)-0       .     .     (12). 

This  must  be  treated  differently  according  as  /i  is  small  or  great 

L  Let  n  be  small ;  and  let  n  be  given,  and  reoL     This  is  the  case 
of  the  sustained  waves  in  Prof.  Smith's  experiments. 
The  equation  obtained  by  neglecting  /i,  viz. 
K-e«*  =  0 
*  W.  ThomBOD,  Comi.  and  Dublin  Math.  Journal,  HL  S9  [184S). 
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girea  one,  and  only  one,  positive  yalne  of  r,  whose  value  is 
diminiabed  (t.e.,  the  vave-length  is  iDCreased)  alike  by  sarface 
tension  and  by  sar&ce-flexunl  rigidity.     Call  it  r^,  and  let 


then  by  (12),  keeping  only  terms  of  tbe  first  order  in  ^ 

{ge  +  3TTi+5^)p  +  inr'^  =  0 (13). 

Thns  p  is  a  pure  imaginaiy,  and  therefore  the  viscosity  does  not 
affect  tbe  length  of  tbe  waves.  It  makes  their  amplitude  diminisb 
as  they  leave  the  soniee.  (For  the  leal  part  of  to  belongs  in  this 
case,  if  we  take  n  as  positive,  to  waves  travelling  in  tbe  negative 
direction  along  2,  and  vice  veraA.)  The  factor  for  diminution  of 
amplitude  per  unit  distance  travelled  by  the  wave  is 

.-"■ 

This  eitpreesion  gives  very  carious  infonnation  as  to  tibe  relative 
effects  of  viscosity  on  the  amplitudes  of  long  and  short  waves, 
when  we  suppose  gravity,  surface-tension,  or  sniface-flexural-rigidity, 
oIcMM,  to  be  the  cause  of  the  propagation. 

If  tbe  waves  be  started  once  for  all,  and  allowed  to  die  out,  r  is 
given  and  n  is  to  be  found.  This  is  die  first  case  treated  by  Mr 
Basset.     If  then  n=ng  he  found  from 

we  may  put 

By  (12)  we  bave,  keeping  only  the  first  power  of  /*, 
ev-2A, 

which  coincides  with  tbe  result  given  in  §  520  of  Basset's  Treatise. 

IL  Let  ft  be  large.     Suppose  r  to  be  given,  a  real  positive 

quantity.     Then,  by  (8),  we  may  eliminate  n  from  (12)  and  obtain 

^  +  (8*-r^»  +  4f^«!-r»)  +  4r»(r-*)  =  0    .     .     .    (U). 

Tbe  first  term  is  very  small,  and  the  rest  has  the  factor  e-r. 
Omit  the  term  which  contains  this  fiutor  twice,  and  we  have 
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This  haa  laal  poeitiTe  roota  if,  and  onl;  if, 

and  thus,  by  (6),  when  this  condition  is  satisfied  n  ia  a  pore  imagin- 
ary, and  there  can  be  no  oscillation.  Of  the  two  roots  of  (15)  «e 
miut,  in  consequence  of  our  assnmption  (that  (s  -  r)^  is  negligible) 
choose  that  which  is  nearly  eqnal  to  r.  It  might  be  bncied  Uist, 
as  this  assumption  leads  to  B=  -  A  very  nearly,  a  new  limitation 
would  be  introduced  as  regards  the  magnitude  of  7.     But  we  have 


V=-  — (A  +  B)S"* 


■;-('-;^.>-' 


,  nearly. 


The  wave-pattern,  in  this  case,  does  not  travel  but  Bubddes  in 
nUu,  its  amplitude  diminishing  according  to  the  approslmate  factor 

Thus,  as  was  to  be  expected,  the  subsidence  is  slower  as  the  friction 
is  greater.  Also,  if  gravitation  is  the  sole  cause  of  subsidence,  the 
longer  waves  sabside  the  faster ;  while  if  the  main  cause  be  surface- 
tension,  or  Burface-flexural-rigidity,  the  shorter  waves  subside  the 
faster. 

Ill  If  there  be  a  uniform  film  of  oxide  or  dost,  in  separate 
particles  which  adhere  to  and  move  with  the  surface,  we  most  add 
to  the  expreesion  for  surface-stress  in  (10)  the  term 

-m(<^)„=-^(V«.)^ 

«  -m{jr«(A  +  B)  +  «ai(rA-|-«B))(''"-)', 
where  m  is  the  surface-density  of  the  film. 
The  equations  for  the  elimination  of  A/B  become 

(R -I- mm*  -  en"  +  2/*r*w)  A -H  {R -h  mm*  +  2/iraB4)B  =  0 , 

2r» )A  +  \^2r*  + )B  =  0; 

so  that  instead  of  (12)  we  have 

(e  -  m(8  -  r))(R -I- mr»») = e»ns  -  4,ir%e.  ■^  4/iV(«  -  r)  -  m»i*M . 
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WheD  fi  and  m  are  small,  Qaa  is  approximately 
E  +  2mni»  =  en?  -  4/tT^ . 

TbBte  is  no  other  term  in  the  firat  power  of  m,  independent  of  ^ ; 
M>  that,  hi  this  degree  of  approximatioa  (which  is  prohahly  always 
enfficient),  the  dust  layer  hai  no  effect  except  to  increase  K  When 
there  ie  no  Tiecosity  thie  increaBee  the  ripple-length  {ie.,  dimlmBhes  r) 
for  &  given  period  of  ribration. 

When  terms  of  the  first  degree  in  the  viscosity  are  taken  account 
of,  the  effect  on  n  (for  a  given  value  of  r)  is  merely  to  add  to  it 
the  pure  imaginary 

2^./(e-2mr), 

whom  valne  increases  alike  with  m  and  with  r. 

Thoa  the  period  is  not  affected,  bat  the  surface  layer  aids  viscosity 
in  caasiog  waves  to  subside  as  they  advance. 

This  investigation  above  may  be  easily  extended  to  the  cose  in 
which  a  thin  liquid  layer  is  poured  on  mercury  to  keep  its  surface 
antamished.  The  only  difficulty  is  with  respect  to  the  relative 
tangential  motion  at  the  common  surface  of  the  liquids. 


The  Determinatioii  of  Snrfb^e-Tension  by  the  -  Measnre- 
ment  of  IU[^lee.     By  O.  Hiohie  Smith. 

(Said  Much  ir,  ISSO.) 
Professor  Tait  has  shown''^  that  accurate  determinations  of  snrface- 
tensioDS  would  be  obtained  if  we  could  measure  the  rate  of  propaga- 
tion of  ripples  set  up  by  the  vibration  of  a  tuning-fork  of  known 
pitch.  The  relation  between  the  rate  of  propagation  (v)  of  the 
ripples  and  the  aurface-tenaion  (T)  is  given  by  the  formula 

where  A  is  the  ripple-Ieugth  and  p  the  density  of  the  liquid.  If  for 
o  we  write  X/t,  where  t  is  the  vibration  period  of  the  fork,  the 
equation  can  be  written 

T      J^      g^V 

*  Proc  Soy.  Soc.  Edin,,  187G,  p.  <S5. 
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The  eecoad  term  oa  the  right-hand  side  of  the  equation  b  the  part 
depending  on  gravit^r,  and  it  is  very  small  telatively  to  the  other 
term.  In  the  case  of  mercury,  taking  the  greatest  wave-length 
employed,  its  value  is  ouly  1/2040  of  the  first  term,  a  quantity  far 
within  the  limits  of  observational  enoi.  I  have  accordingly  used 
in  all  the  calculations  the  form  T  =  XV2t**.  If  in  this  A.  be 
measured  in  centimetres  and  t  in  seconds,  T  is  given  in  dynes  per 
centimetre.  Previous  attempts  made  by  myself  and  others  to 
determine  surface-tensions  by  this  method  f^ed  on  account  of  the 
difficulty  experienced  in  measuring  Hie  lengths  of  the  ripples,  aod 
since  T  o:  X^,  it  is  evident  that  the  method  is  useless  unless  X  can 
be  measured  nith  great  accuracy.  This  difGculty  has  been  over- 
come by  the  use  of  photography,  and  it  is  now  possible  to  test  the 
practical  value  of  the  method  by  comparing  the  results  that  have 
been  obtained  with  those  got  by  other  means.  The  application  of 
photography  is  easy,  since  the  waves  that  are  dealt  with  are  "stand- 
ing" waves,  and  when  the  apparatus  is  in  proper  adjustment  the 
photograph  is  sharp  even  with  exposures  of  as  much  as  10  seconds. 
The  usual  exposure  is  from  1  to  2  seconds.  Thus  there  is  an  essen- 
tial difference  between  this  application  of  photography  and  that 
made  by  Lord  Rayleigh,  who  photographs  a  moving  stream  in  a  small 
fraction  of  a  second. 

The  general  plan  of  procedure  is  as  follows :— A  tuning-fork  in 
which  the  vibrations  are  electrically  maintained  is  employed  to 
produce  ripples  on  the  surface  of  the  liquid  under  experiment, 
which  is  contained  in  a  shallow  dish.  A  scale  is  auitabty  placed  on 
the  edge  of  the  dish  so  that  its  divisions  are  as  nearly  as  possible 
parallel  to  the  crests  of  the  ripples,  and  a  photograph  of  the  dish 
is  then  taken.  This  photograph  is  measured  with  a  micrometer, 
and  the  measuremohts  are  interpreted  by  reference  to  those  of  the 
scale  photographed  on  the  same  plate. 

In  the  earlier  experiments  much  difBculty  was  experienced  in 
getting  Buitable  illumination,  but  ultimately  it  was  found  that  the 
best  photographs  were  got  simply  by  placing  the  dish  near  a  window 
and  using  the  light  from  the  sky  or  a  bright  cloud.  In  most  cases 
it  was  found  best  to  allow  a  shadow  of  a  bar  of  the  window  or  of 
the  tuning-fork  itself  to  fall  on  the  surface,  for  the  edge  of  auch  a 
shadow  becomes  regularly  serrated,   and  this  aerration  is  easily 
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pliotogiaphed.  The  distance  between  the  ripple-creete  ia  easily 
measared  in  ench  a  photograph,  but  there  is  some  risk  of  not 
neaanting  exactly  at  right  angles  to  the  lines  of  cresta 

The  method  of  exciting  the  ripples  was  found  to  be  of  great 
importance.  In  the  first  experiments  the  driving-fork  of  a  Helm- 
holtz  Towel-sound  appaiatos  waa  taken,  and  the  dipper  attached  to 
one  of  the  prongs  was  replaced  by  a  light  arm  of  aluminium,  bent 
downwards  at  right  angles  near  the  end.  The  point  of  this  was 
smoothed  and  tapered,  and  was  allowed  to  dip  slightly  into  the 
liquid.  When  the  fork  vibrated,  the  point  set  up  a  series  of 
urcnlar  ripples  which  were  foirly  steady  and  uniform.  A  number 
of  photographs  were  taken  with  this  arrangement,  but  on  measuring 
tham  it  was  found  that  they  gave  for  mercnry  a  wave-length  of 
only  0-104  cm.  for  256  vibrations  per  second,  corresponding  with 
T-159.  The  value  for  T  given  by  Quincke  ia  640,  and  the 
difference  woa  evidently  far  too  great  to  be  accounted  for  by  errors 
of  observation.  During  these  experiments  it  was  noticed  that  very 
perfect  ripples  were  produced  when  a  vessel  containing  mercury 
was  laid  on  the  sounding-box  of  a  tunrng-fork,  and  a  large  series  of 
meaenrementa  were  made  in  this  way.  Using  the  same  fork  of  256 
▼jbrations  per  second  the  photographs  gave  A=0'10S  cm.,  which 
diOeted  but  little  from  the  previoua  teeulta.  Experiments  were  then 
made  to  determine  whether  the  shape,  size,  or  material  of  the  dish 
had  any  influence  on  the  lei^th  of  the  ripples,  but  the  slight  varia- 
tions olserved  in  the  value  of  \  were  only  such  as  might  easily  he 
explained  by  diffeiencea  in  the  temperature  or  in  the  cleanness  of 
the  surface.  The  tuning-fork  was  then  changed  for  one  giving  513 
▼ibrationa  per  second,  but  this,  too,  gave  approximately  the  same 
value  for  T.  Finally,  a  fork  giving  768  vibrations  per  second  was 
*  osed,  and  it  was  found  that  with  a  round  glass  vessel  a  result  was 
obtained  which  differed  widely  from  previous  lesulta.  On  sub- 
stitnting  a  rectangular  ebonite  dish  for  the  glass  one  it  was  found 
to  be  impossible  to  get  ripples  distinct  enough  to  be  photographed 
by  simply  laying  the  dish  on  the  sounding-board,  and  consequently 
experiments  were  tried  with  the  edge  of  the  dish  pressing  against 
one  prong  of  the  tuning-fork  low  down.  This  proved  most  effective, 
and  the  fiiat  photograph  gave  A.'>0-075  corresponding  to  T  — 628 
— a  result  differing  only  about  2  per  cent  from  Quincke's  mean  value. 
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ThU  plan  of  making  the  dUh  actually  touch  the  fork  was  adopted 
in  all  the  subsequent  experimenta,  and  yielded  conaiatent  rosults. 

The  cause  of  the  failure  of  the  earlier  methods  is  not  perfectly 
clear.  The  aver^  value  of  the  wave-length  in  mercury  for  256 
vibrations  per  second  waa  found  from  the  ten  beat  photographs  to 
be  0108  cm.,  the  values  varying  from  0'102  to  0-112  cm.  If  we 
take  Quincke's  value  for  T,  vie.,  540  dynes  per  centimetre,  thia 
would  correspond  with  a  note  of  445  vibrations  per  second. 

In  the  cases  in  which  a  dipper  was  used  the  explanation  may  be 
foand  in  the  circumstance  that  two  impulses  are  given  to  the 
mercury  for  each  complete  vibration  of  the  fork,  one  as  the  dipper 
enters,  the  other  as  it  leaves,  the  liquid.  If  this  is  the  true  sotirce 
of  error  it  might  be  supposed  that  there  is  a  somewhat  similar  cause 
acting  when  the  vessel  rests  on  the  aoundii^-box,  for  in  that  case 
too  it  must  receive  two  impulses  for  each  vibration.  On  the  other 
hand,  when  the  dish  presses  lightly  on  the  prong  of  the  fork  it 
would  receive  only  one  impulse  for  each  vibration.  But  if  the 
above  explanation  were  complete  one  would  expect  to  get  lipplee 
due  to  a  note  an  octave  above  that  of  the  fork,  whereas  those  actually 
got  correspond  almost  exactly  to  A|  of  the  same  octave,  the  fork 
giving  the  C  below.  I  propose  to  examine  this  point  more  carefully 
hereafter. 

As  finally  arranged,  the  driving-fork  was  placed  at  a  distance  and 
waa  connected  by  loose  wires  with  the  fork — one  of  the  series 
belonging  to  a  Helmholtz  vowel-sound  apparatus — actually  used  to 
set  up  the  ripples.  This  was  placed  on  a  stone  slab  in  front  of  a 
window  so  that  it  conld  be  illuminated  by  the  light  from  the  sky. 
The  vessel  usually  employed  was  an  ebonite  developing  dish,  either 
of  half-plate  or  qUarter-pIate  size.  This  dish  was  supported  near 
the  fork  in  such  a  way  as  to  touch  one  of  the  prongs  at  a  point  aa  - 
low  down  as  possible.  The  nieroury  or  other  liquid  was  then  poured 
in  till  a  depth  was  reached,  beyond  which  any  increase  seriously 
diminished  the  distinctness  of  the  ripples.  If  the  contact  with  the 
dish  be  made  at  a  point  taken  at  random  a  very  complex  and 
unsteady  series  of  ripples  will  usually  be  produced,  but  with  a  little 
care  it  is  possible  to  find  a  point  which  yields  two  steady  series  of 
ripples  crossing  each  other  at  right  angles.  Except  with  the  eye 
nearly  od  a  level  with  the  surface  of  the  liquid,  the  ripples  can  be 
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Been  diatinctly  only  in  one  pttrldculaT  direction,  and  core  must  be 
tkken  to  place  the  axis  of  the  camera  in  that  direction.  If  the 
camen  couid  be  phiced  vertically  orer  the  dish  it  would  greatly 
simplify  the  meaaniement  of  the  plates,'  since  the  ecale-valae  would 
be  the  same  in  all  directions.  This,  howsTer,  ia  seldom  practicable, 
and  oanally  the  axis  of  the  camera  haa  to  be  inclined  to  the  vertical 
at  a  consideiable  angle,  so  that  the  scale-value  varies  not  only  for 
different  parts  of  the  p1at«,  but  also  for  different  directions.  The 
corrections  to  be  applied  cannot  easily  be  calculated,  but  they  can 
be  got  by  actual  measurement.  For  this  purpose  a  sheet  of  paper 
was  taken  of  the  size  of  the  dish,  and  on  It  a  nnmbet  of  circles  were 
described  with  a  radius  of  1  cm.  This  was  then  kid  on  the  surface 
of  the  mercury  and  photographed.  The  scale  value  for  any  part  of 
the  mercury  surface  in  any  direction  can  be  obtained  by  measuring 
the  diameter  of  tiie  corresponding  circle  in  the  same  direction. 

The  results  so  far  obtained  can  only  be  looked  on  as  preliminary, 
but  they  are  sufficient  to  test  the  value  of  the  method.  At  present 
the  value  of  the  wave-leugths  is  probably  not  trustworthy  to  within 
less  than  2  per  cent.,  bat  there  seems  no  reason  to  doubt  that  this  un- 
certainty can  be  reduced  to  at  least  one-half  by  the  introduction  of 
certain  modifications  in  the  apparatus.  An  error  of  2  per  cent,  in  the 
wave-length  corresponds  to  an  error  of  approximately  6  pet  cent  in 
the  value  of  T,  and  the  extreme  values  obtained  differ  from  each  other 
by  somewhat  less  than  this  in  the  case  of  mercury.  Quincke's 
results  for  mercury*  which  are  usually  accepted,  vary  from  511  to 
572  dynes  per  centimetre,  with  a  mean  value  of  540 ;  so  that  his 
extreme  values  differ  from  each  other  by  about  12  per  cent. 

In  his  paper  read  at  last  meeting  of  the  Society,  Professor  Tait 
showed  that  if  we  take  account  of  the  surface-flexural  rigidity  (E), 
the  equation  for  the  wave-length  takes  a  form  which  can  be 
written: — 

"  2x<»      "i^   "     X'     ■ 


unless  E  ia  excessively  small  it  ought  to  be  possible  to  detect  its 

influence  by  comparing  the  results  got  for  two  forks  of  very  different 

'  Pogg.  Ajmal.,  cv.  p.  1. 
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pitch.  The  results  obttuned  so  far  are  not  sufficient  to  enable  any 
Bccuiate  compaiisoa  to  be  made,  but  they  show  that  if  there  is  any 
effect  produced  by  the  SDi-face-flexnre  rigidity  it  must  be  veiy  einall 
compared  with  that  due  to  snrface-tensiou. 

The  following  table  gives  the  actual  results  for  mercury  at  a 
mean  temperature  of  about  12°  C. 


VibnitioM  per 
Second. 

CentimetrCB. 

T 

DyiMsper 

798 
B12 

007*6 
0-0746 

Average 

0-0880 
0-0971 

ATsrage 

0-157 
01S4 

Average 

S28 
fi31 

526-6 

634 
G19 

626-6 
M7 

531 -G 

Average  for  the  whole,        629. 

Two  photograpba  were  taken  for  water,  but  in  each  of  them  only  a 
few  waves  could  be  meaanred,  so  that  no  great  weight  can  be  placed 
on  the  result  They  were  both  with  the  fork  giving  256  vibrations 
per  second,  and  the  resulting  wave-lengths  were  0-195  and  0*208  cm., 
corresponding  to  the  values  of  77  and  94  for  T.  The  mean  is  S6'5, 
while  Quincke's  value  is  81. 

A  photograph  of  a  mercury  surface  covered  with  dilute  sulphuric 
acid  gave  X  =  0'141  for  256  vihratione  per  second.  If  we  neglect 
all  influence  of  the  acid  other  than  in  changing  the  surfsce-tentdon, 
this  would  give  T  =  100,  or  practically  the  same  as  for  water  and 
meronry. 

Two  photographs  were  taken  of  a  surface  of  mercury  chai^^  to 
a  high  potential  by  means  of  a  Holtz  electric  machine.  The  photo- 
graphs gave  very  consistent  measures : — 

No.  43.  256  v.p.8.      Average  of  58  waves  A=0-U3  .  .  T-417. 

Ko.  44.  256  v.p^B.  Average  of  30  waves  X-0-144  .  .  T-425. 
So  that  it  is  evident  that  electrification  produces  a  considerable 
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reduction  in  the  suiface-teneion,  thoaEh  the  action  may  be  a  purely 
mechanical  oae. 

I  hope  to  continue  and  ext«nd  the  experiments  at  an  early  date ; 
meanwhile  my  thanks  are  due  to  Professor  Tait  for  many  valuable 
suggestions,  and  to  Mr  D.  J.  Oiaham  who  has  assisted  me  in  all 
the  experiments; 


Ths  Absorption  Spectra  of  Oertain  Veg:etable  Oolouiing 

Matters.    By  G.  Miobie  Smith.     (With  a  Plate.) 

(Bead  March  17,  1890.) 

For  the  substances  dealt  with  in  this  paper  I  have  been  indebted 
at  various  times,  to  the  kindness  of  Mi  David  Hooper,  Quinologist  ' 
to  the  Madras  Government  The  observations  have  been  made 
with  several  instraments,  but  have  all  been  reduced  to  the  scale  of 
the  direct  vision  spectroscope  of  the  Chemical  lAboratoiy  of  the 
Edinburgh  University,  kindly  placed  at  my  diapoeal  for  the  most 
important  part  of  the  work.  The  illumination  used  with  this 
inatmment  la  a  lO-candle  power  incandescent  lamp;  with  the 
other  instmmenta  snn-Iight  was  used.  I  have  thought  it  better  for 
practical  purposes  to  draw  the  spectra  to  the  natural  scale  of  the 
instrument  than  to  reduce  them  to  a  scale  of  wave-lengths,  hut 
data  are  supplied  for  finding  the  wave-length  corresponding  to  any 
part  of  the  spectnim.  To  represent  the  varying  shades  of  an 
abeorption  spectnud  is  extremely  difficult,  and  the  results  usually 
obtained  are,  at  best,  far  from  satisfactory.  The  method  I  have 
employed  is  to  draw  the  spectra  on  a  Urge  scale,  shading  the 
various  parts  by  aid  of  a  light  curve,  and  then  reduce  this  drawing 
to  the  required  size  by  photography.  The  result,  though  not  all 
that  could  be  desired,  is  fairly  satisfactory. 

Cdouring  MaMer  from  Trichosautbes  palmata. — Mr  Hooper  has 
given  me  the  following  notes  on  this  substance :— "  The  plant  which 
yields  it  is  the  Tnehotanike*  patmata,  one  of  the  Gourd  tribe  or 
Cucurhitacete,  and  the  rounded  scarlet  fruits  have  their  seeds  im- 
bedded in  a  green  bitter  pulp.  The  bitter  principle  is  a  glucoside, 
sduble  in  water  and  alcohol,  and  affords  a  red  solution,  changing 
to  purple  with  sulphuric  acid.     I  have  named  it '  trichosanthin,'  as 
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it  differs  from  colocyntbin.  The  green  matter  ia  best  prepared 
\>j  ^tating  the  dr^  pulp  with  ether,  evaporating  down  and  dia- 
aolving  the  otheieal  leaidne  in  strong  spirit.  In  this  manner  tb» 
bitter  principle  and  fatty  matters  are  eliminated."  The  solataon 
oloselj  reeemblea  a  solutioii  of  chlorophyll  of  equal  strength. 
Both  are  beautifully  dicbroic,  appearing  green  in  thin,  and  led  in 
thicker  lajera;  both  also  have  a  red  fluoreecence.  The  chief  difference 
on  inspection  ia  that  a  much  thicker  layer  of  chlorophyll  is 
required  to  yield  the  red  colooi  by  transmitted  light 

iSperfram, — The  spectroscope  at  once  shows  that  thia  green 
coloDiing  matter  is  not  chlorophyll  Spectra  (a),  (fi),  and  {e),  m 
the  plate  are  for  different  thicknesses  of  the  tiichosanthes  colouring 
matter,  while  (d)  gives  the  spectrum  of  chlorophyll  from  cabbage 
,  of  a  thickness  and  strength  corresponding  as  nearly  as  posraUe 
with  {b).  Taking  this  as  the  most  characteristic  spectrum,  it  may 
be  thus  described: — The  spectrum  begins  at  1736,  and  slight 
shading  continues  to  1693.  The  first  band  begins  {penumbra)  at 
1636  (W.  I.  6541),  and  ends  about  1600  (W.  L.  615),  the 
maximum  absorption  being  from  1631  to  1627,  and  from  1605  to 
1602.  From  this  there  is  a  small  amount  nf  absoifttion  till  ^te 
second  band  begins  at  1576  (W.  L.  693-4),  and  continues  to  1543 
(W.  L.  566-6),  the  maximum  absorption  being  from  1570  to  1563. 
From  this  there  is  no  perceptible  absorption  till  the  third  baud, 
which  begins  at  1616  (W.  L.  548'4),  and  continues  to  1495 
(W,  L.  534-8),  the  maximum  darkness  being  from  1511  to  1601. 
There  is  a  fourth  band,  very  faint,  with  its-  centre  about  1452 
(W.  L.  510-6),  and  a  fifth  extending  from  1400  (W.  L  485)  to 
1371.  The  epectrum  ends  about  1355  (W,  h.  467).  The  relative 
depths  of  the  maxima  of  these  five  bands  are  10,  6,  4,  1(,  L 
When  a  thin  layer  of  the  solution  is  used  the  spectnim  shows 
twq  strongly  marked  bands  from  1625  to  1612  (darkness  10),  and 
from  1569  to  1550  (darkness  4),  and  a  slight  trace  of  a  third  band 
with  its  centre  at  1601.  The  spectrum  ends  sharply  at  1340. 
With  a  very  thick  layer  the  first  band  widens  out  in  both  direcdons, 
and  strong  abaorption — sufficient  to  mask  bands  IL  and  IIL — con- 
tinues to  1465.  There  is  also  much  increased  absorption  in  the  blae. 
How  completely  these  spectra  differ  from  that  of  chlorophyll  will 
best  be  seen  from  the  plate.     The  chief  band  of  chlorophyll  lies 
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between  1S66  (W.  L.  789)  and  1625  (W.  L.  639'8),  while  the  chief 
hand  in  a  thin  film  of  trichosuithes  would  almost  exactly  fill  up 
the  interval  between  bands  L  and  11.  in  chlorophylL  Bands 
111.,  IV,,  and  V.  of  trichoflanthea  may  be  coincident  with  faint 
chlorophyll  bands. 

The  poeitions  of  some  of  the  chlorophyll  bands,  aa  is  well  known, 
can  be  changed  by  the  action  of  reagents,  and  the  trichoeantbea 
bonds  ore  even  more  strongly  affected.  The  fiiet  reagent  experi- 
mented with  was  sulphide  of  ammonia,  which  probably  has  a 
reducing  action.  The  result  is  shown  in  spectra  (e),  (J)  and  (g), 
which  represent  the  appearance  after  2,  11,  and  39  days  respect- 
ively, after  which  there  was  no  further  change.  Figure  (h)  gives 
the  spectrum  of  chlorophyll  similarly  treated.  The  change  in  the 
trichosanthes  spectnim  is  complete.  Band  L  gradually  becomes 
weaker,  and  finally  vanishes ;  two  new  bands  appear  in  the  apace 
between  bands  L  and  II.  of  the  original  spectnim;  band  IL  is 
apparently  displaced  towards  the 'violet  end  and  intensified;  and 
band  IV,  is  greatly  widened.  Chlorophyll  is  much  less  affected, 
and  the  difference  between  two  spectra  could  hardly  be  more 
complete  than  that  between  (^)  and  (h). 

When  the  original  trichosanthes  solution  is  treated  vith  strong 
hydrochloric  acid  the  spectrum  consists  of  three  principal  bands. 
The  first  bond  begins  (penumbra)  1606,  and  extends  to  1576  ;  the 
maximum  absorption  is  from  1593  (W.  L.  6086)  to  1676  (W.  L. 
693'4).  From  this  there  is  considerable  absorption  to  the  second 
band,  of  which  the  maximum  absorption  extends  from  1557 
(W.  L.  677-6)  to  1532  (W.  L.  5588).  Shght  absorption  continues 
to  the  third  band,  which  extends  from  1497  (W.  L.  536)  to  1467 
(W.  L.  519),  The  relative  intensities  of  these  three  bands  are 
about  8,  7,  4.  These  three  bands  ma;  perhaps  represent  the  three 
first  bands  of  the  natural  spectrum  moved  by  difieient  amounts 
towards  the  more  refrangible  end.  When  this  spectrum  (i)  is 
compared  with  the  spectrum  of  chlorophyll  similarly  treated  (J),  it 
is  seen  that  the  three  bands  correspond  with  three  of  the  chloro- 
phyll bands,  while  there  is  nothing  to  represent  the  first  and  most 
prominent  chlorophyll  band.  It  is  of  importance  to  notice,  too, 
that  the  unrepresented  chlorophyll  band  is  the  one  least  afiected 
by  reagents. 


,,GoogIc 


124  Proceedings  of  Boyal  Society  of  Edinburgh.         [atss. 

Another  difference  between  the  tricboeonthes  colouring  matter  and 
chlorophyll  is  that  when  treated  either  with  ammonia  salphide 
or  hydrochloric  acid  the  former  ceases  to  be  green  in  thin  layem, 
while  the  latter  ceases  to  be  red  in  thick  layers.  The  reason  for 
this  becomes  at  once  plain  when  the  spectra  are  examined.  Tlie 
question  of  the  relation  whidi  the  triohosanthea  colouring  matter 
bears  to  chlorophyll  is  one  of  considerable  interest,  for  it  is  evident 
that  there  is  some  relation,  sioce  in  the  products  of  the  action  of 
hydrochloric  acid  there  are  three  bands  which  are  common  to  the 
two  spectra.  That  they  differ  greatly  is  eqnally  evident  from  the 
dissimilarity  of  the  original  spectra  and  of  those  got  after  acting  on 
the  solutions  with  ammonia  snlpbide.  The  trichosantbes  colouring 
niatt«r  is  found  inside  a  thick  opaqne  rind,  and  so  has  probably 
been  formed  in  the  dark,  at  least  it  -cannot  serve  the  pnrpose  which 
chlorophyll  serves  in  leaves.  Chlorophyll,  accordii:^  to  Sacha,  is 
formed  in  complete  darkness  only  in  the  cotyledons  of  some 
conifers  and  in  the  leaves  of  ferns ;  but  etiolin,  which  in  darknees 
usually  takes  the  place  of  chlorophyU,  has  a  spectrum  which  does 
not  materially  differ  from  the  chlorophyll  spectrum,  and  is  certainly 
not  the  same  as  that  under  discussion.  Chlorophyll  itself  is  held 
by  many  who  have  studied  it  to  be  a  mixtnre  of  several  distinct 
colouring  matters.  Professor  Stokes  *  finds  that  the  chlorophyll  of 
land  plants  is  a  mixture  of  four  suhstancee,  two  green  and  two 
yellow,  three  of  which  are  easily  decomposed  by  acida  I  cannot 
find  any  account  of  the  experiments  from  which  this  conclusion  is 
deduced,  nor  any  description  of  the  spectra  of  the  several  con- 
stituents, but  it  seems  probable  that  the  first  band  in  the  red  ia 
that  due  to  the  constituent  which  is  not  easily  decomposed  by 
acids.  Ur  Sorby  f  holds  that  the  chlorophyll  of  land  plants  is  a 
mixture  of  two  substances,  which  he  calls  "  blue  chlorophyll "  and 
"  yellow  chlorophyll"  To  each  of  these  he  ascribes  a  single 
absorption  band  in  the  red;  but  the  diagram  which  accompanies  his 
paper  is  so  unsatisfactory  tliat  it  is  impossible  to  identify  these 
with  bands  in  the  natural  chlorophyll  spectrum,  though  presum- 
aUy  the  first  baud  in  the  spectrum  is  that  due  to  his  "blue 
chlorophyll."  But  this  first  band  is  quite  unrepresented  in  the 
trichosanthes  spectrum,  so  that  it  seems  a  fair  conclusion  that  the 
*  Proe.  Sojf.  Soc   ziii.  Hi.  t  Froc  Soy.  See.,  xzi.  451. 
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"blue  chlorophyll"  of  Sorby,  or  one,  perhaps  both,  of  the  green 
chlorophylls  of  Stokes,  is  absent  from  the  trichosauthes  colouring 
matter.  Its  place  is  taken  b;  another  enbatance  which  yields  the 
first  baud,  which  is  not  coincident  with  any  of  the  chlorophyll 
bands.  This  substance,  nnlike  that  yielding  the  first  chlorophyll 
band,  is  veiy  readily  decomposed  by  acids,  and  is  slowly  decom- 
posed by  ammonia  salphide. 

Bands  II.,  III.,  and  V.  in  the  trichosanthes  spectrum  apparently 
coincide  in  position  with  bands  IIL,  IT.,  and  V.  of  the  chlorophyll 
spectrum.  Of  these  latter  III.  and  V.  are  not  distinctly  shown  in 
the  accompanying  plate,  but  are  obtained  with  a  comparatiTely  weak 
solution  and  a  strong  light.  Band  IV.  of  the  trichosanthes  spectrum 
is  extremely  faint  It  is  not,  however,  possible  to  lay  much  stress 
on  the  apparent  coincidence  of  these  bands,  since  their  behaviour 
Dnder  treatment  with  ammonia  sulphide  is  so  very  different.  A 
comparison  of  spectra  {p)  and  (h)  shows  that  no  two  of  the  bands 
are  even  approximately  coincident — in  fact,  the  two  spectra  aie  almost 
complementary.  On  the  other  hand,  spectra  (t)  and  (J)  show  that 
after  treatment  with  strong  hydrochloric  acid,  there  is  almost  perfect 
coincidence  between  three  of  the  bands  in  the  two  spectra.  The 
inflnence  of  hydrochloric  acid  on  chlorophyll  has  been  studied  by  - 
many  observers.  Rnssell  and  Lapraik  *  consider  that  the  change 
produced  is  simply  a  molecular  one,  and  call  the  two  forms  a-  and 
/S-chlorophyll.  Schonck,  on  the  other  hand,  holdsf  that  the  change 
is  a  chemical  one,  and  that  the  ultimate  product  is  identical  with 
Frfemy's  phyllocyanin.  The  latter  view  certainly  seems  to  explain 
the  observations  best,  tind  in  accordance  with  it  we  may  say  that  the 
trichosanthes  colouring  matter  contains  a  substance  which  is  not 
chlorophyll,  but  which  on  treatment  with  hydrochloric  acid  yields 
one  of  the  constitnents  of  phyllocyanin,  which  is  itself  probably  a 
mixture  of  two  substances.  In  chlorophyll  a  partial  change  is  pro- 
duced by  a  very  weak  acid,  so  that  extracts  of  certain  leaves,  such 
as  those  of  the  Vi^nian  creeper,  yield  the  modified  spectrum,  un- 
less care  be  taken  to  neutralise  the  acid  before  extracting  the 
chlorophyll.  It  is  possible  that  a  somewhat  similar  change  has 
been  produced  in  the  trichosanthes  colouring  matter  by  the  tricho- 
santhin  which  occuis  along  with  it  in  the  pulp. 
*  Jmr.  CKem.  Soc,  vol.  lU.  p.  334.  t  Annalt  qf  Botany,  voL  iiL  p.  Stf. 
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OolovTing  Matter  from  Ventilago  iiLadra8patan&. — Of  this  Mr 
Hooper  writes: — "The  red  colouring  matter  in  the  other  bottle 
should  be  more  extensively  known.  It  is  a  drug  that  has  been  need 
OS  a  dye  in  South  India  for  ages,  under  the  name  of '  Vemb^am 
baik.'  It  is  the  pcoduoe  of  a  large  creeper,  the  VenlUago  madna- 
patana,  which  grows  on  the  slopes  of  the  Kilgiris  and  in  the  Mysore 
district  The  bark,  besides  dyeing  silk  and  other  materials,  yields 
its  colour  to  fixed  and  volatile  oils,  and,  what  is  a  desideratum,  to 
kerosene  oil  From  an  analysis,  I  make  it  an  anthracene  derivative." 
The  absorption  spectrum  for  thin  and  thicket  films  is  shown  in 
figures  (k)  and  (l).  There  are  no  absorption  bands,  but  the  light 
is  completely  absorbed,  even  with  a  very  thin  film,  except  &om 
1730  to  1688  (W.  L.  604).  With  a  thicker  layer  the  absorption  is 
complete,  except  from  1702  (W.  L.  743)  to  1622  (W.  L.  636-6). 
Thus  the  absorption  is  almost  entirely  confined  to  the  more 
refrangible  end.  This  substance  would  probably  be  found  very 
suitable  for  dyeing  cloths  for  use  as  non-actinic  blinds  in  "dark 
roomsi" 

Colounng  Matter  from  the  FumaUus  of  the  Wattle.— T\aa  yitHia 
e,  very  pretty  spectrum,  figure  (m),  characterised  by  two  well-marked 
absorption  bands.  The  firat  extends  from  about  1046  (W.L.  668-8) 
to  1519  (W.L.5502),  the  second  from  1606  (W.  L.  641-8)  to  1453 
(W.  L.  611-2).  The  relative  darkness  of  the  two  bonds  ie  10  :  8. 
When  a  thicker  layer  of  the  substance  is  used  the  two  bands  almost 
come  hither,  but  a  slight  green  colour  is  seen  between  them.  The 
absorption  between  bond  II.  and  the  end  of  the  spectrum  also  in- 
creases. In  an  alkaline  solution  the  bands  Eire  somewhat  nanower, 
but  their  centra  are  unchanged  in  position. 

Solution  of  "  Waraa." — The  dye  known  as  "  Wsras  "  is  got  from 
the  glands  of  the  fruit  of  Flemingia  OrahtKniana  (W.  and  A.),  one 
of  ^e  Leguminoss.  The  absorption  spectnim  shows  no  bands,  but 
absorption  is  complete  except  between  1580  (W.  L  69?)  and  1623 
(W.  L.  652-8). 

Soltition  of'Eamala." — This  dye  is  got  from  the  glands  of  the 
finit  of  Bottlera  tinctoria,  one  of  the  Euphorbiaces.  It  resemUes 
Wants  very  closely,  but  is  transparent  to  light  of  a  somewhat  greater 
wav&-length.  The  absorption  is  complete  except  between  1688 
(W.  L.  722)  and  1649  (W.  L.  571-2).    The  chemical  relations  of 
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Kamitla  and  Waraa  have  been  examined  by  Mr  D  Hooper,*  who 
shows  that  they  are  very  eimikr,  bat  not  identdcaL 

It  is  worth  noting  that  of  the  colonring  mattera  examined  thoee 
giving  definite  absorption  bands  yield  fugitive  dyes,  while  the  others 
yield  pennanent  dyes. 

My  thanks  are  due  to  Dt  J.  Gibson  for  assistance  received  daring 
the  progress  of  the  inquiry. 


DxsaRiPHioN  OF  Plate. 
(a)  Colouring  mstUr  from  Triehomnthtt  paimata,  OS  cm.  thick. 
(i)  ,,  „  2-0  em.      „ 

W  „  „  4-0  cm.     „ 

{d)  Chloropbfll  from  cablnfti,  2  cm.  thick. 

(«)  Coh>nringmatteTfrom7'rieA<»an/Aa})aJi7U(<a-)-ammoaUaulpludeBAer2(lftys. 
t/)  ..  ..  ,.  11   .. 

(ff)  ..  ..  „  SB   .. 

(A)  Chlorophyll -HunmoiUK  sulphide. 

{*)  Colouring  matter  from  rricAoWTiM^f  ^nvifa -i- hydrochlorio  add. 
[})  Chlorophjll  +  hydrochloric  acid. 

(it)  Colouring  muttar  Trom  Veniilago  madratpaiana,  thin  layer, 
{!)  ,  ,,  thick  layer, 

(m)  „  fuDiculns  of  Wattle. 

(a)  Waras. 


On  a  Meohanism  for  the  Oonatitution  of  Bthar. 

By  Sir  William  Thomeoii. 

{Read  Uarch  17,  ISM.) 

1.  In  a  communication  to  the  Royal  Society  of  Edinbni^h  of 
4th  March  1889, 1  stated  the  problem  of  coustmcting  a  jointed 
model  under  gyrostatic  domination,  to  fulfil  the  condition  of  having 
no  rigidity  against  irrotational  deformations,  and  of  resisting  rota- 
tion, or  rotational  deformation,  with  quasi-elastic  forcive  in  simple 
proportion  to  rotation.  I  gave  a  solution,  illustrated  by  a  model, 
for  the  case  of  points  all  in  one  plane ;  but  I  did  not  then  see  any 
very  simple  three-dimensional  solution.  After  many  unavailing 
efforts  I  have  recently  found  the  following. 

*  Pharmactviicai  Jounal,  voL  xtiiL  p.  213. 
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2.  Take  six  fine  atra^ht  rods,  and  eix  straight  tubes,  all  of  the 
same  lengtb,  the  internal  diameter  of  the  tubes  exactly  equal  to  the 
external  diameter  of  the  rods.  Joint  all  the  twelve  together  with 
ends  to*  one  point  P.  Mechanically  this  might  be  dune  (but  it 
would  not  be  worth  the  doing)  bj  a  ball-and-twelve-Bocket 
mechanism.  The  condition  to  be  fulfilled  is  ^mply  that  the  axes 
of  the  six  rods  and  of  the  six  tubes  all  pass  through  the  one  point 
P.  Make  a  vast  number  of  such  clusters  of  six  tubes  and  six  rods, 
and,  to  b^in  with,  place  their  jointed  ends  so  as  to  constitute  an 
equilateral  homogeneous  assemblage*  of  points  P,  P' . . . . ,  each  con- 
nected to  its  twelve  nearest  neighbours  by  a  rod  of  one  aliding  into 
a  tube  of  another.  This  assemblage  of  points  we  shall  call  our 
primary  assemblage.  The  mechanical  connections  between  them  do 
not  impose  any  constraint ;  each  point  of  -  the  assemblage  may  he 
moyed  arbitraiily  in  any  direction,  while  all  the  others  are  at  rest. 
The  mechanical  connections  are  required  merely  for  the  sake  of  pro- 
viding us  with  rigid  lines  joining  the  points,  or  more  properly  ri^d 
cylindric  Hurfocea  having  their  azaa  in  the  joining  lines.  Make 
now  a  rigid  frame,  G,  of  three  rods  fixed  together  at  right  angles  to 
one  another  through  one  point  0.  Place  it  with  its  three  bars  in 
contact  with  the  three  pairs  of  rigid  sides  of  any  tetrahedron, 
(PP',  F'F"),  (PP",  F"P'),  (PF",  F'P')  of  our  primary  assem- 
blage. Place  similarly  other  similar  rigid  frames,  G',  G",  &c, 
on  the  edges  of  all  the  tetrahedrons  congener  f  to  the  one  first 
chosen.  The  points  0,  O',  0",  &&,  form  a  second  homogeneous 
aesembtage  related  to  the  assemblage  of  Fs,  just  as  the  reds  are  r^ 
lat«d  to  the  blues  in  §  69  of  the  Article  referred  to  in  the  footnotes. 

3.  The  position  of  the  frame  G — that  is  to  say,  its  orientatiou 
and  the  position  of  its  centre  0  (six  disposables) — is  completely 
determined  by  the  four  points  P,  F,  P",  F"  (Thomson  and  Tait's 
Natural  Pliiloiopky,  §  198 ;  or  Elements,  §  168).  If  its  bars  were 
allowed  to  break  away  from  contact  with  the  three  pairs  of  edges  of 
the  tetrahedron,  we  might  chose,  as  its  six  co-ordinates,  the  six  dis- 
tances of  its  three  bars  from  the  three  pairs  of  edges;  but  we  suppose 
it  to  be  constrained  to  preserve  these  contacta.     And  now  let  any 

*Sa»  " Molecular  CoDstitnaon  of  Matter,"  5|  *6  (o) .  .  (J),  Proc  Boy.  Soe. 
Edin.  for  July  188S,  to  be  republished  as  Art.  XCVIL  otVol.  III.  of  m;  P&pers. 

+  iM(e.,  S13. 
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one  of  the  pointo  P,  F,  P",  P"',  or  all  .of  them,  be  moved  in  any 
manDer.  The  position  of  the  frame  O  is  always  fully  determinate. 
This  is  iUnstnted  by  a  model  accompauying  the  present  communlca- 
tioD,  ahowing  a  eiugle  tetrahedron  of  the  primary  assemblage  and  a 
ain^G  frame.  The  edges  of  the  tetrahedron  are  of  copper  wire  slid- 
ing into  glass  tubes.  The  wires  and  tabes  are  provided  with  an  eye 
or  staple  respectively,  through  which  a  ring  passes  to  hold  three  ends 
together  at  the  comera.  Two  of  the  rings  have  two  glass  tubes  and 
one  copper  wire  linked  on  each,  while  the  other  two  rings  have  each 
two  copper  wires  and  one  glass  tube. 

4.  Returning  now  to  our  multitudinous  assemblage,  let  it  be  dis- 
placed by  BtretchingB  of  all  edges  parallel  to  PP*,  with  no  rotation  of 
FP',  or  F'F".  This  constitutes  a  homogeneous  irrotational  deformar 
tion  of  the  primary  assemblage.  The  frames  G,  G',  &c.,  experience 
merely  translatory  motions  without  any  rotation,  as  we  see  readily 
by  confining  our  attention  to  G  and  the  tetrahedron  PPF'P'". 
Consider  similarly  five  other  displacements  by  stretchiogs  parallel 
to  the  five  other  edges  of  the  tetrahedron.  Any  infinitely  small 
homogeneoos  deformation  of  the  primary  assemblage  (§  1  above) 
may  be  determinately  resolved  into  sis  snch  simple  stretch- 
ings, and  any  infinitely  amall  rotational  deformations  may  be  pro- 
dnced  by  the  superposition  of  a  rotation  without  deformation,  upon 
the  iiTotational  deformation.  Hence  an  infinitely  small  homogeneous 
deformation  of  the  primary  assemblage  without  rotation  produces 
only  translatory  motion,  no  rotation,  of  the  G  frames  i  and  any  in- 
finitely small  homogeneous  displacement  whatever  of  the  primary 
assemblage,  produces  a  rotation  of  each  frame  equal  to,  and  round 
the  same  axis  as,  the  rotational  component. 

5.  It  now  only  remtuns  to  give  irrotational  stability  to  the  G 
frames.  This  may  be  done  by  mounting  gyrostats  propeiiy  upon 
them  according  to  the  principle  stated  in  ^  3-5  of  Article  C.  of  Vol. 
HI.  of  my  Papers,  and  in  my  Address  to  the  Institute  of  Electrical 
Engineers,  10th  January  1889.  Three  gyrostats  would  suffice,  but 
twelve  may  bo  taken  for  symmetry,  and  for  avoidance  of  any 
leeoltant  moment  of  momentum  of  all  the  rotators  of  one  frame. 
Instead  of  ordinary  gyrostete  with  rigid  fly-wheels,  we  may  take 
liquid  gyrostats  as  described  below  §  6,  and  so  make  one  very  small 
step  towards  abolishing  the  crude  mechanism  of  fly-wheels  and 

VOL.  zvii.        2S/G/90  I 
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axles  and  oiled  pivots.    But  I  cbooee  the  liquid  gjioBUt  at  present 
merelj  because  it  b  mote  aaaily  described. 

6,  Ima^oe  a  bollow  anchor  ring,  or  tore,  that  is  to  say,  an  emdleas 
circular  tube  of  circular  oross-aectioa.  Ferfonite  it  iu  tbe  line  of  a 
diameter,  and  fix  into  it  small  strtugbt  tubes  to  guard  the  parforatioiw 
aa  ahown  in  the  accompanying  diagram.  Fill  it  wich  frictionleea 
liquid,  and  give  the  liquid  irrotational  circuital  motiou  as  indicated 
by  tbe  arroT-beads  in  the  diagram.     This  arrangement  constitutes 


our  hydrokinetio  substitute  for  a  mechanical  fly-wheel  Mount  it 
on  a  stiff  diametral  rod  passing  through  the  perforations,  and  it 
becomes  tbe  mounted  gyrostat,  or  Foucault  gyroscope,  req^nired  for 
our  models.  Its  use  would  have  cousideTably  simplified  and 
shortened  the  description  of  a  model  communicated  to  tbe  French 
Academy  last  September,*  which,  howerer,  was  given  purposely 
in  terms  of  the  Foucault  gyroscope  because  it  thus  describes  real 
mechanism  by  which  tbe  exigencies  of  the  model  can  be  practi- 
cally realised  iu  a  very  interesting  and  instructive  manner,  as 
may  be  seen  in  ^  3-5  of  Article  C.  of  my  Papers,  and  in  my 
Address  to  the  Institute  of  Electrical  Engineers  of  lOth  January 
1889. 

7.  Let  XOX',  YOy,  ZOZ'  be  the  three  bars  of  the  G  frame : 
mount  upon  each  of  them  four  of  our  liquid  gyrostats,  those  on 

■  CbmptM  Seadta,  ISth  September  1SS9  ;  Art  C.  of  PaipeiB,  Vol  III. 
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XOX'  being  placed  as  follows,  aod  the  others  correapondingly.  Of 
the  four  riiigB  mounted  on  XX',  two  are  to  be  placed  in  the  plaoe  of 
TY',  XX',  the  other  two  in  the  plane  of  ZZ',  XX'.  The  circuital 
flnid  motions  are  to  be  in  opposite  directions  in  each  pair. 

8.  The  gyroetatic  principle  stated  in  g  5  of  Art.  C.  of  Vol  III.  of 
m;  Papers,  applied  to  our  G  frame,  with  the  twelve  liquid  gyrostats 
thus  mounted  on  it,  shows  that  if,  from  the  position  in  which  it 
was  given  with  all  the  rings  at  rest,  it  be  turned  through  an 
infinitesimal  angle  *  round  any  axis,  it  requires,  in  order  to  hold  it 
at  rest  in  this  altered  position,  a  couple  in  simple  proportion  to  t; 
and  that  this  couple  remains  sensibly  constant,  as  long  as  the  planes 
of  all  the  gyrostats  have  only  changed  by  very  small  aisles  from 
parallelisin  to  their  original  directions.  Henca,  with  this  limitation 
as  to  time,  our  primary  homogeneous  assemblage  of  points,  controlled 
by  the  gyrostatically  dominated  frame,  G,  G',  &c.,  fulfils  exactly  the 
condition  stated  for  the  ideal  ether  of  §  14  of  Art.  XCIX.  of  VoL 
III.  of  my  Papers,  which  is  as  follows : — It  has  no  intrinsic  rigidity, 
that  is  to  say,  no  elastic  resistance  to  change  of  shape ;  but  it  has  a 
gwtwi-rigidity,  depending  on  an  inherent  quasi-elastic  resistance  to 
absolute  rotation.  It  is  absolutely  non-resistant  against  change  of 
volume  and  against  any  irrotational  change  of  shape.  Or  it  ia 
absolutely  incompressible.  The  model  niay  be  made  so  by  intro- 
ducing struts  between  the  points  P  of  the  primary  assemblage  and 
their  nearest  neighbours  0, 0',  &c.,  of  the  G  frames  according  to  §  70 
of  "  Molecular  Constitution  of  Matter  "  {Proc.  Roy.  Soc  Edin.,  July 
1889). 

9.  If  the  velocity  of  the  motion  of  the  liquid  in  each  gyro- 
stet  be  infinitely  great,  each  G  frame  exerts  infinite  resistance 
against  rotation  round  any  axis;  and  if  the  bars  and  tubes  con- 
stituting the  edges  of  the  tetrahedron,  and  the  bars  of  the  G  frames 
were  all  perfectly  rigid,  the  primary  assemblage  is  incapable  of  rota- 
tion or  of  rotational  deformation ;  but  if  there  is  some  degree  of 
elastic  flexural  yielding  in  the  edges  of  the  tetrahedron,  or  in  the 
bars  of  the  G  frame,  or  in  all  of  them,  the  primary  assemblage  ful- 
fils the  definition  of  §  9,  without  any  limit  as  to  time,  that  is  to  say, 
with  perfect  durability  of  its  quasi-elastic  rigidity. 

10.  A  homogeneous  assemblage  of  points  with  gyrostatic  quasi- 
rigidity  conferred  upon  it  in  the  manner  described  in  ^  2-8  would, 
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if  conatmcted  on  a  safficiently  email  scale,  transmit  vibrations  of 
light  exactly  as  does  the  ether  of  nature.  And  it  wonld  be  in- 
capable of  transmitting  condensational- taiefoctional  waves,  because 
it  is  abeolately  devoid  of  Tesiatance  to  condensation  and  rarefaction. 
It  is,  in  fact,  a  mechanical  realiaation  of  the  medium  to  which  I 
was  led  one  and  a  half  years  ago,*  from  Qreen's  original  theoiy, 
by  purely  optical  reasons,  in  endeavouring  to  explain  reeolta  of 
observation  regarding  the  refraction  and  reflection  of  light. 


On  the  Swimming  Bladder  and  "Fiyiag  Powers  of  Daetjfi- 
opienis  votitans.  By  W.  L.  Oalderwood.  Canammicated 
by  Professor  Ewart.     (With  Plate.) 

<Kead  Febmuy  17, 1890.) 

Pactyloptenig  valUaiu,  the  so-called  "  flying  gomard,"  is  not  in- 
cluded by  Giinther  in  the  genus  Triglidfe,  as  its  name  might 
imply,  but  is  assigned  to  the  smaU  allied  family  of  Cataphracti. 

Giinther  diagnoses  it  as  follows : — "  Dactylopteros,  no  lateral  line, 
pectoral  fine  very  large,  an  oi^n  of  flight,  with  the  upper  portion 
detached  and  ehorter,  granular  teeth  in  the  jaws,  none  on  the  palate, 
air  bladder  divided  into  two  lateral  halves,  each  with  a  lai^ 
muscle." 

Before  proceeding  to  describe  in  detaU  the  swimming  bladder 
and  other  anatomical  peculiarities,  it  may  be  well  to  state,  that  the 
skull  is  provided  with  a  superficial  bony  covering  which  projects 
backwards  over  the  r^on  of  the  "  shoulder "  in  two  flattened 
plates,  each  terminating  in  a  spine  (seen  in  fig.  2).  Also  that  the 
first  four  vertehne  of  the  column  have  coalesced  so  as  to  form  a  rigid 
tube,  the  neural  spines  being  united  as  a  vertical  plate,  which  for 
convenience  I  have  termed  the  neural  plate. 

The  ewimming  bladder,  so  far  as  I  am  aware,  has  a  unique 
position,  since  it  is  situated  not  below,  but  above  the  vertebral 
column,  not  forming  part  of  the  abdominal  contents,  but  situated 
dorsally  in  a  special  cavity  of  its  own.     The  appearance  of  the 

*  mioaophieal  Magisdnt,  No7.  1888,  "  On  the  Befleetion  and  Befractbu  of 
Light,"  by  Sir  W,  Tbanumi. 
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swimmiiig  bladder  in  Trigla  is  well  known ;  tliere,  on  opening  the 
abdominal  wall,  it  ie  distinctly  seen  projecting  downwards  from  the 
doisal  wall  of  the  abdominal  cavity.  In  Dactylopterus,  when  the 
viscera  are  removed,  only  the  ventral  surface  of  the  bladder  is  seen 
forming  a  part  of  the  doraal  boundaiy  of  the  abdominal  cavity. 
This  portion  is  white  and  tendinoas,  having  on  each  side  the  com- 
mencement of  a  powerful  muscle  (fig.  1).  The  kidneys  overlap  it 
poateriorly,  and  the  iBSOphi^us  and  pericardial  cavity  partially 
obscnie  its  anterior  end.  On  removing  the  doreal  moBcles  of  the 
trunk  ao  as  to  view  the  bladder  from  the  side  and  back,  the  bladder 
moedee  ore  seen  to  continue  upwards,  to  curve  inwards  towards  the 
median  line,  to  be  reflected  downwards  on  each  side  of  the  neural 
plate,  and  finally  to  become  attached  to  the  bodies  of  the  verte- 
brs,  whoee  spines  go  to  form  that  plate.  In  this  way  the  bladder 
becomes  divided  longitudinally  into  its  two  lateral  portions.  A 
careful  examination,  however,  reveals  more  than  this.  On  tracing 
the  dorsal  surface  forwards  by  removing  the  superficial  backward 
prolongation  of  the  skull-aheath,  a  secondary  division  of  the  bladder 
is  disclosed.  It  is  composed  of  an  extremely  thin  tconaparent 
membrane,  is  triangular  in  shape,  its  dorsal  surface  being  so  super- 
ficial as  only  to  be  covered  by  the  dorsal  plate  of  the  shoulder. 
The  base  of  the  triangle  is  towards  the  median  line,  the  other  two 
sides  ore  snnounded  by  bone,  the  ventiol  surface  also  lies  in  a  bony 
'  cup ;  so  that  this  whole  portion,  although  composed  of  on  extremely 
thin  membrane,  is  completely  protected  by  rigid  surroundings. 
Moreover,  one^ialf  of  it  may  be  fairly  said  to  be  within  the  i^on  of 
the  skuU,  since  a  section  taken  through  the  plane  of  the  foramen 
magnum  would,  as  nearly  as  possible,  bisect  the  triangle.  As  seen 
in  fig.  2,  th.e  posterior  margin  is  the  only  one  not  surrounded  by 
bone.  Here  it  is  that  the  primary  division  of  the  bladder  communi- 
cates with  this  smaller  secondary  poi'tion,  that  the  muscular  coat  of 
the  one  thins  oat  to  give  place  to  the  thin  membrane  of  the  other. 
Making  now  a  vertical  section  ttuongh  the  long  axes  of  the  primary 
portion  on  one  side,  so  as  to  obtain  a  view  of  tiie  interior,  we  see 
that  there  is  a  thin  membrane  dividing  it  tronsversely  into  two — 
that  in  this  membrane  there  is  a  foramen  situated  towards  the  inner 
margin.  Immediately  behind  this  membrane  there  is  a  tunnel  seen 
paseing  in  a  transverae  manner  below  the  vertebral  column,  forming 
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a  cbaimel  of  commanication  between  thd  primary  portions  of  eacb 
side.  This  is  the  only  port  of  the  bladder  which  is  situated  below 
the  level  of  the  vertebral  column. 

The  entire  bladder,  therefore,  inelead  of  being  composed  of  "two 
lateral  halves,"  is  in  reality  made  up  of  six  parts,— on  each  side  a 
primary  portion  divided  into  two  by  a  membrane,  and  anterior  to 
and  above  this  a  eecondary  portion. 

Giinther,  in  his  Introduction  to  the  Study  of  Fishee,  tells  na  that 
the  air  bladder  and  the  organ  of  hearing  are  connected  in  a  more  or 
less  simple  way  in  the  perch  and  herring,  and  by  means  of  a  com- 
plicated chain  of  ossicles  in  Siluridie,  Characinide,  Cyprinid»,  and 
Gymnotidse.  The  details  of  the  Silnroid  Amiurus  have  been  worked 
out  by  Bamsay  Wright;  *  and  T.  Jeffray  Parker  has  written  "  On 
the  Connection  of  the  Air  Bladder  and  the  Auditory  Oi^n  in  the  Bed 
Cod  {LoteUa  hacchus)."  f  Taking  these  data  into  consideration,  and 
the  fact  that  part  of  the  awimming  bladder  of  Dactylopteriu  is  pro- 
duced into  the  region  of  the  head,  I  thought  that  we  might  have, 
in  this  instance,  a  similar  connection.  My  most  careful  dissectioQ 
revealed  nothing  but  the  anterior  portion  of  the  bladder  ending 
blindly  in  a  rigid  boundary  of  bone.  Similarly,  I  might  mention 
tliat  I  conld  discover  no  connection  between  the  bladder  and 
alimentary  tract, — no  pneumatic  ducts  The  amonnt  of  gas  present 
in  the  bladder  most  therefore  depend  on  six  retia  mirabilia,  which, 
horse-shoe  shaped,  are  arranged,  three  in  each  primary  divisiwi  of 
the  bladder, — two  ventrally  and  one  doreally. 

A.  Moreau,  in  his  wort  8ur  la  toix  (tea  pmtsone,  describes  an 
interesting  esperiment  which  he  made  on  Trigla  kimndo.  Observ- 
ing two  nerves  passing  to  the  air  bladder,  having  their  origin  below 
the  pneumogastrie  near  to  the  first  dorsal  pair,  he  stimulated  them 
with  electricity  and  produced  the  characteristic  grunting  sounds. 
On  studying  the  bladder,  he  found  in  the  dividing  septum  (which 
he  calls  the  diaphragm)  both  radiating  and  circular  muscular  fibres, 
forming  a  sphincter  round  tJie  central  foramen.  On  removing  the 
posterior  end  of  the  bladder  and  stimulating  again,  although  no  sound 
was  heard,  the  sphincter  was  seen  to  contract.     In  the  entire  bladder, 

*  On  Anatomy  of  Amiuru*,  by  lUmMy  Wright,  M'Murricli,  Uacallnm,  and 
H'KeDzie, 
t  JVoju.  N.Z.  In^U.,  vol.  it.  p.  SM,  1882. 
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if  the  wall  odI;  was  stimulated,  no  sound  woa  produced  except  when 
the  cunent  was  greatly  intousified.  He  therefore  concludes  that  the 
sound  is  produced  by  vihrations  caused  by  the  contractions  of  this 
diaphiaguL 

In  Dactyloptem^  while  killing  two  of  the  four  specimens  ex- 
amined, sounds  exactly  similar  to  those  of  thegumaid  were  distinctly 
heard,  and  by  holding  the  £sh  between  the  finger  and  thumb  in 
the  region  of  the  swimming  bladder,  a  distinct  contraction  of  the 
bladder  could  be  felt  as  each  sound  was  produced  These  move- 
ments and  sounds  were  quite  independent  of  any  movements  of 
the  operculum  or  mouth. 

I  examined  this  bladder-diaphragm  in  Trigla  hirundo,  also  in 
Trigla  lyra  and  in  Dactyl  opterus.  In  all  three  the  sphincter  is 
present.  Arguing  from  the  fact  that  all  gurnards  produce  these 
sounds,  and  that  they  all  have  perforated  diaphragms,  whereas  a 
perfotated  diaphragm  is,  so  far  as  I  am  aware.not  found  in  any  fish 
which  does  not  produce  the  sounds,  I  am  inclined  to  support  the 
conclusions  come  to  by  Moreau. 

The  fiying  poioere  of  Dactylopterue  are,  I  find,  by  some  called 
into  question.  The  conservator  of  the  Ifaples  Zoological  Station 
— where  these  observations  were  made — insisted  that  the  fish  never 
left  the  water.  I  have  been  unable  to  make  any  observations  on 
the  actual  flight  myself,  but  the  literature  on  the  subject  seems  to 
me  to  be  conclusive.  Mdbius,*  in  speaking  of  the  flight  of  lish, 
discusses  the  question  as  to  whether  Dactylopterus  moves  the  wings. 
This  he  does  from  direct  observation. 

Moseley  t  twice  describes  the  flight.  In  the  second  instance, 
while  collecting  in  a  boat  amongst  the  weed  of  the  Sargasso  Sea,  he 
succeeded  in  capturing  one  or  two  in  a  hand-net.  They  flew,  he 
says,  "  at  a  height  of  about  a  foot  abovs  the  water,  for  distances  of 
fiiteen  or  twenty  yards." 

Comparing  Dactylopterus  with  the  well-known  flying  fish 
Exoccetus,  the  "  wings  "  are,  in  proportion,  quite  as  large,  in  each 
case  reachii^,  when  drawn  dose  to  the  side,  to  the  base  of  the  caudal 
fin.  In  the  former,  the  first  six  rays  are  detached  irom  the  rest  of 
the  fin,  bent  downwards,  and  are  soft  at  their  extremities.    The 

*  Uabia*,  E.,  IHe  Bewegungen,  derfiUgmden  Fitehe  dwnh  die  lAift. 
tUosele;,  NatabyalfaturalislonUie  "ChallaigeT,"  pp.  G62  and  &71- 
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pectoral  muBclfle  are  powerfuL  They  are  arranged  in  a  Boperficial 
and  a  deep  layer,  both  above  and  below  the  fin,  and  are  in  pain. 
In  the  upper  pair,  the  saperficial  elevates,  and  at  the  same  time 
protracts ;  the  deep  adducts,  aweeping  the  fin  in  to  the  flank.  The 
fin  rays  are  devaiicated  from  one  another  by  tendinoiu  fibree 
paaaing  acroHB  the  upper  euiface  obliquely  from  the  ODterior  portion 
of  the  superficial  protractor.  The  deta43hed  portion  of  the  fin  is  only 
very  slightly  acted  npon  by  fibres  from  above. 

In  the  lower  pair,  both  divisiona  of  the  fin  are  drawn  forwards 
and  downwards  by  fibres  from  both  mnscles,  the  superficial,  however, 
which  ia  coarsely  fasciculated,  having  the  stronger  action  upon  the 
large  portion  of  the  fin.  The  detached  portion,  indeed,  has  an  ex- 
tremely limited  motion,  and  always  must  stand  out  at  an  angle  from 
the  body  of  the  fish.  The  swimming  bladder  of  £xoc4»tus  occapiea 
the  ordinary  position  in  the  abdominal  cavity  and  is  non-moscnlKT. 
This  fish,  I  have  no  doubt,  is  capable  of  flying  a  much  greater 
distance  than  Dactyloptema ;  it  has  much  less  mass,  and  in  form  is 
calculated  to  offer  much  less  resistance  to  the  air,  and  more  readily 
to  rettun  its  natural  position,  when  out  of  the  water,  owing  to 
its  deep-keeled  hetring  body.  The  significance  of  the  peculiar 
swimming  bladder  in  Dactylopl«raa  now  seems  to  me  to  be 
explained. 

The  true  gurnards,  that  is,  the  near  allies  of  the  Cataphracti,  an  in 
habit  bottom  feeders.  The  tips  of  the  free  fin  lays  are  provided 
with  isolated  sensory  elements,*  causing  these  portions  to  have  a 
function  analogous  to  theantennra  of  crustaceans.  Their  swimming 
bladders  have  no  pneumatic  duct  and  no  mnecte.  When  brought 
suddenly  to  the  surface  by  means  of  a  net  or  line,  Trigla  invariably 
floats  belly  up.  If  the  fish  is  thsn  opened,  the  bladder  is  found  to 
be  violently  expanded.  The  expansion  naturally  takes  phwe  in  a 
downward  direction  amongst  the  abdominal  viscera,  this  being  the 
line  of  least  resistance.  The  balance  is  in  this  way  destroyed  beyond 
recovery,  and  the  position  of  Uie  fish  is  reversed.  I  have  kept  Trigla 
eatajAracta  in  a  tank  in  this  condition  for  two  days.  The  fish 
eventually  dies.  The  reason  of  the  expansion  appears  to  me  to  be  the 
sudden  removal  of  pressure  conseqnsnt  upon  the  fish  being  brought 

*  Zincone,  A.,  OMM-Mztoni  anaiomitht  tv  di  olntne  aj^cndiei  taUili  dei 
ptKi,  1S7S. 
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rapidly  to  the  surface.  Dactjloptems  ie,  I  believe,  an.  example  of  a 
fiah  which  con  readily  adapt  itaelf  either  to  a  bottom  life  or  to  a 
more  thao  pelagic  oii«.  It  haa  a  number  of  the  gurnard  chsracteristicB, 
the  free  fin  rays,  eoft  and  projecting  downwards,  the  flattened  head 
and  Tentrally  protending  month,  the  heavy-looking  rounded  body. 
I  am  totally  ignonnt  of  any  animals  which  prey  upon  Dactyloptems, 
but  let  us  anppoee  that  for  some  reason  or  other  it  becomes  neceseary 
for  it  to  leave  the  bottom  and  take  to  the  air,  then  the  sudden 
expansion  of  bladder  seen  in  the  gurnard  is  prevented  by  the  action 
of  the  strong  bladder  muscles.  In  addition  to  this,  its  air  cavity 
has  the  highest  possible  dorsal  position,  as  has  been  already  shown, 
which  must  be  of  great  service  in  enabling  the  fish  to  keep  its 
somewhat  unwieldy  body  in  its  natural  position.  The  thin-walled 
secondary  portion  of  the  bladder  can,  of  course,  not  be  expanded 
owing  to  its  complete  envelopment  in  bone.  From  a  study  of  the 
young  Dactyloptems,  ie.,  the  fish  formerly  known  as  Cephala- 
canthns,  it  is  evident  that  only  the  adult  f  onus  can  have  the  power 
of  "flight"  The  pectoral  fins  of  young  examples  are  quite  in- 
ngnificant  as  flying  organs. 

The  smallest  specimen  I  examined  was  1{  inches.  Hera,  the 
pectorals,  when  placed  along  the  side,  reached  only  to  the  level  of 
the  second  dotBal  fin  ray.  The  swimming  bladder  was  as  in  the 
adult.  I  was  nnable  to  determine  the  period  at  which  the  fish  first 
ventured  into  the  air,  bot  gauging  by  the  development  of  the  pectoral 
fins,  it  may  probably  be  when  it  has  attained  the  length  of  about 
6  inchea. 

In  the  skull  the  encephalic  aicfa  is  the  only  one  which  requires  one 
attention.  A  strong  solution  of  caustic  potash  is  necessary  to 
loosen  the  bony  sheath  of  the  head  so  that  the  superficial  plates  may 
be  removed.  From  the  basioccipital  the  neural  arch  slopes  for- 
wards, and  is  modified  in  a  peculiar  way,  so  as  to  make  room  for  the 
secondary  portion  of  the  swimming  bladder.  The  exoccipitala  send 
processes  backwards  curving  at  an  angle  and  enclosing  this  secondary 
portion,  and  the  paroccipitals  take  their  position  immediately  in 
front.  The  processes  of  the  exoccipitols  are  attached  to  the  dorsal 
superficial  plate,  and  flatten  out  posteriorly  under  the  inner  suture  of 
that  plate.  Each  exoccipital,  with  its  process,  in  this  way  forms 
the  outer  margin  of  the  secondary  portion  of  the  bladder.    The 
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floor  oi  the  cavity  ia  formed  by  the  same  bone.  Each  paroccipital 
is  responsible  for  part  of  the  anterior  end.  The  supraoccipital  and 
part  of  the  parietal  make  ap  the  remainder  of  the  end.  The  inner 
margin  is  formed  by  what  I  have  called  the  neural  plate,  i.e.,  the 
coalesced  neural  spines.  The  roof  is  formed  by  the  dorsal  sheathing 
plate. 

It  has  already  been  noticed  that  in  the  vertebral  column,  the  first 
four  Tertebrse  have  coalesced  so  as  to  form  a  simple  tube.  This 
region  of  the  body,  therefoi-e,  taking  into  consideration  this  tube  and 
the  dorsal  bony  plates,  exhibits  a  peculiar  rigidity,  which  must  be 
highly  serviceable  to  the  fish  if  my  explanation  of  the  unique  position 
of  the  swimming  bladder  is  correct  A  similar  condition  of  vertebral 
column  is  seen  in  Fistularia  (one  of  the  pipe  fishes),  but  here,  so  far 
as  I  can  find  out,  the  bladder  ia  similar  to  that  seen  in  the  other 
members  of  the  family  to  which  it  belongs ;  it  is,  viz.,  a  simple,  non- 
muscular  bladder,  depending  in  the  ordinary  way  &om  the  dorsum 
of  the  abdominal  cavity.  Thia  condition,  therefore,  althoi^h  closely 
associated  with  the  swimmii^;  bladder  in  the  case  of  Dactyloptenis, 
may  not  be  developed  on  account  of  it,  or  in  adaptation  to  its  peculiari- 
ties. In  cross  section  the  tube  takes  much  the  outline  of  a  cervical 
vertebra  without  transverse  processes.  The  lower  surface  is,  along 
the  median  line,  formed  into  a  groove,  down  which  passes  the  dor- 
sal aorta.  The  eminences  on  the  sides  of  this  groove  are  hollowed 
out  into  canals,  which,  as  it  were,  tunnel  through  that  part  of  the 
tube  to  which  the  bladder  muacles  are  attached,  emerging  to  Ibe 
exterior  of  the  tube  before  and  behind  the  muscle.  In  Dactylop- 
torus  we  have  both  a  body  and  a  head  kidney,  and  the  renal  veins, 
in  passing  from  the  former  to  the  latter,  occupy  the  two  canals  de- 
scribed above.  The  kidneys  call  for  treatment  in  greater  detail 
This  will  form  the  subject  of  another  paper. 
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Notes  on  the  Solutioa  of  certain  Equations.     By  R  Ei. 
AUu?dioe,  M.A. 

(Bead  April  7,  1890.) 

The  equations  considered  ore  equstiona  of  the  thiid  and  fourth 
degree  in  a  single  satiable,  and  systems  conaistii^  of  two  equations 
in  two  Taiiablee.  This  is  a  comparattvely  small  class  ;  but  if  there 
be  added  systems  consisting  of  a  sii^le  equation  of  the  third  or 
fourth  degree  and  a  number  of  others  all  of  the  first  degree,  it  will 
include  all  equations  which  admit,  in  general,  of  an  algebraic 
solution. 

The  object  of  these  notes  is  to  point  out  the  advant^  of  making 
greater  use,  than  is  generally  the  custom,  of  the  discriminant  in  the 
solution  of  equations,  and  to  emphasise  the  importance  of  looking 
for  geometrical  illustrations  of  analytical  methods  whenever  this  is 
possible.  The  usefulness  of  such  illustrations  is  well  known  in 
considering,  for  example,  limiting  cases  in  the  solution  of  equations, 
such  as  the  esses  of  infinite  roots  and  of  equal  toots,  of  the  meaning . 
of  which  it  is  almost  impossible  to  form  on  adequate  conception, 
without  the  use  of  such  illustrations. 

Consider  the  system 

This  system  may  be  solved  algebraically  by  eliminating  one  of 
the  variables,  say  y,  and  obtaining  a  biquadratic  in  x.  This  biquad- 
ratic may  in  particular  cases  be  solnble  by  means  of  quadratics ; 
but,  as  a  rule,  it  will  require  the  general  method  of  solution,  by 
means  of  the  reducing  cubic.  It  will,  however,  in  almost  every 
case  be  found  simpler  to  determine  k  so  that  V  +  hV  shall  resolve 
into  factors.  The  equation  in  k  will  be  of  the  third  degree.  If  the 
solution  of  the  system  (A)  can  be  made  in  any  way  to  depend  on 
quadratics  alone,  the  cubic  in  k  must  have  at  least  one  rational  root, 
which  can  easily  be  obtained  in  every  case ;  whereas  the  biquadratic 
in  X  will  in  general  have  no  rational  root  at  aU.  In  the  general 
case,  when  the  solution  of  the  system  (A)  cannot  be  made  to  depend 
on  quadratics  alone,  the  ilse  of  the  cubic  in  k  will  save  the  trouble 
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of  eliminating  y  bom  the  two  equations.     It  will  be  foand  that 
the  cubic  in  Jk  is  identical  with  the  reducing  cubic  of  the  biquadiatic 
inx 
As  an  illnstntion,  conaider  the  so-called  homogeneons  eyatem 

U  =  az^  +  tey  +  <!y*  +  d  =  0     i 
V=a'a;»  +  ft'ay+<!y+J=Or 

This  system  may  be  solved  by  putting  yjx—e,  and  obtaining  a 
quadratic  in  v.  This  method  of  solution  is  an  algebraical  interpreta- 
tion of  the  fact  that  the  points  of  intersection  of  two  concentric 
conies  are  the  Tertices  of  a  parallelogram.  The  above  system  may 
also  be  solved  by  making  use  of  the  fact  that  —  djd^  is  one  value  of 
k  for  which  U  +  A;V  may  be  resolved  into  factors ;  and  this  solution 
is  practically  the  same  as  that  obtained  by  putting  yjx—v.  The 
question  then  naturally  arisea,  what  are  the  other  two  values  of  k 
which  make  U  +  tV  leeolvable  into  factors  t  These  values  are  the 
values  for  which  (a«*  +  bxy  +  ey')  +  ]s{a'^  +  h'xy + dj^)  is  a  complete 
square ;  and  this  anggesta  another  method  of  solution. 

By  way  of  further  illustration,  a  method  of  obtuning  the  redociog 
cubic  of  the  biquadratic  z*  -k-po^  +  ^:e  +  r  =  0,  may  be  noticed. 

The  resultant  in  a;  of  the  two  equations 

Now  the  equation  to  detennine  k  so  that 

(j:»-y+p/2)  +  i{y»  +  ia;+r-pV<) 
may  be  resolvable  into  ^tore  is 

which  ia  the  ledncing  cubic  of 

[The  resultant  in  y  is 

y*  +  (2r  -  pV2)y>  -  2V  +  (P*A6  +  ^  -  J'^/2 +J'ff'/2)  =0 , 
the  reducing  cubic  of  which  is 

is  -  (4,  _yS)A!  _  SpjSjS:  +  3*  =  0 , 
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which  may  be  tnnsformed  into   the  above  redacing  cubic  by 
dividing  the  roots  by  ^  and  then  fonning  the  reciprocal  equation.] 
Ab  a  last  iUnstration  consider  the  Bystem  * 

«*  +  y  =  a,         i^  +  x=b. 

The  leeoltant  in  x  is 

a:*-2a«2  +  a;  +  aS-6-0 (1). 

Now  in  the  general  biquadratic  (deprived  of  ita  second  term) 
j^-i-p^^-qx+r  =  0,  put  x—Xy;  then 

Now  put  f/X'— 1,  that  is  A  — 2"^,  and  the  equation  becomes 

ff*+j>y+y+r  =  0,  wbenp'-p/X^-p/^,  r'^rj^. 

This  may  be  identified  with  (1)  by  putting 

-2a-p*ftna  a* -6-/;  that  is  0=  -p'!%  b=p'^/i-r'. 

Hence  the   general    biquadratic    may    be    solved    graphically   by 
means  of  the  two  parabolas  2^ +  y  =  aandy^+x  =  d. 

The  advantage  of  this  method  is  that  these  two  parabolas  only 
raiy  as  regards  position,  a  change  in  a  causing  the  first  parabola 
to  move  along  the  j/-axis,  and  a  change  in  b  the  second  parabola  to 
move  along  the  avaxis.  In  applying  this  method  in  practice  one  of 
the  parabolas  might  be  drawu  permanently  on  a  sheet  of  paper 
raled  in  squares ;  and  instead  of  shifting  the  paiabola  it  would  be 
sufficient  to  change  the  position  of  the  origin  of  coordinates.  The 
second  parabola  would  require  to  be  drawq  on  a  sheet  of  tracing- 
paper  or  engraved  on  glass-f 

The  above  method  faib  when  the  roots  are  equal  in  pairs,  for  in 
this  case  q  =  0.  This  is  also  evident  geometrically,  since  two 
parabolas  cannot  have  double  contact  unless  their  axes  ate  paralleL 
Three  roots  of  the  given  biquadratic  will  be  equal  when  the  two 
parabolas  have  contact  of  the  second  order.  The  point  of  contact 
will  obvlonsly  lie  on  the  line  y  =  x,  and  the  tangent  at  the  point  of 

*  Tbe  idea  of  niing  thu  sTBtem  of  eqoationa  for  obtaining  a  gnpliica] 
■olation  of  the  general  biquadratic  is  doe  to  Fiofeasor  Chrystil. 

t  When  this  paper  iru  read  a  diKgram  was  shown  illnetrating  the  graphical 
■olntion  of  several  biqnadtatica. 


,,GoogIc 


142  Proceedings  of  Royol  Society  of  EdinluTgh.  [hk». 

contact  will  be  equally  inclined  to  the  axes ;  and  from  these  facts 
the  conditions  are  easily  found  to  be  a  =  d  —  3/4. 
In  the  cubic  aP-^q'x+r'  =  (i,  put  x  =  \y,  then 

Put  q'j>^=  ±1,  that  ifl  X  =  (  +  j')i'2,  and  the  equation  redncee  to 
J^±y  +  r  =  0 .  Thia  may  be  solved  graphically  by  means  of  the 
fixed  curves  y*— a;  and.  the  straight  line  a'±y- r  =  0. 


Notes  on  the  Zodiacal  laght.    By  Prof.  0.  Miohie  Smith. 

(Read  April  7,  ISSD.) 
So  much  has  been  written  on  the  zodiacal  l^ht  that  it  may 
appear  rather  rash  to  say  that  a  really  accurate  examination  of  this 
phenomenon  has  yet  to  be  made.  Still  I  have  no  hesitation  in 
saying  that  neither  it«  position,  its  shape,  nor  its  spectrum  has  yet 
been  determined  with  sofficient  accuracy.  In  the  hope  of  being 
aLIe  to  add  something  to  our  knowledge  of  the  last  of  these,  I 
obtained,  in  1682,  a  grant  from  the  Ciovemment  Oraut  Fund  for  the 
construction  of  a  spectroscope  spedally  designed  for  observing  and, 
if  possible,  photographing  the  spectrum  of  the  zodiacal  light 
The  apparatus,  which  was  made  by  Mr  A.  Hilger,  consists  of  two 
interchangeable  collimators  of  36  inches  and  8  ioches  focal  length 
and  1^  inch  aperture;  an  Iceland  spar  prism  1^  inch  high, 
2^  inches  side,  a  camera  with  a  lens  of  8  inches  focal  length,  and  an 
observing  telescope  and  a  heavy  glass  prism  which  can  be  used  foe 
eye  observations.  The  camera  and  telescope  are  fixed  to  a  common 
base  movable  about  a  pivot  concentric  with  the  pillar  carrying  the 
prism,  so  that  they  are  readily  interchanged.  The  lenses  are  all  of 
quartz,  and  the  dark  slide  carrying  the  sensitive  plate  can  be  placed 
at  such  an  angle  that  the  whole  or  at  least  a  considerable  part  of 
the  spectrum  la  in  focns  at  the  same  time.  The  slit  is  provided 
with  shutters  for  exposing  any  required  portion  alone,  and  the 
jaws  of  the  slit  both  move  equally,  so  that  the  centre  remains  fixed 
in  position.  A  photographed  scale  can  be  thrown  in  in  the  ordinary 
way,  but  I  have  found  this  useless  when  dealing  with  faint  spectra, 
since  any  illumination  which  will  render  the  divisions  visible  quite 
obliterates   the  spectrum.     After    trying   various  plans   I   finally 
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ailapt«d  the  following,  which  is  probably  not  nev,  though  I  have 
never  seen  it  described.  The  photographed  ecale  is  lemoved  from 
the  end  of  its  tube,  and  is  repbced  by  a  small  elit  with  adjustable 
jawa  The  tube  is  then  mounted  ou  a  vertical  axis  concentric  with 
a  fixed  horizontal,  graduated  circle.  The  tube  is  rigidly  attached  to 
the  ann  carrying  the  verniers  of  this  circle.  When  the  positioQ  of 
any  line  has  to  be  determined,  the  slit  ts  adjusted  so  as  to  admit 
just  safficient  light  to  render  its  reflected  image  visible,  and  the  tube 
is  rotated  till  thia  image  coincides  with  the  line.  It  is  of  course 
easy  to  adapt  ProL  G.  P.  Smyth's  illumination  to  this  arrange- 

The  attempts  so  far  made  to  photograph  the  zodiacal  light 
spectrum  have  been  total  failures,  but  I  hope  that  the  use  of  plates 
with  a  greater  range  of  colour  senutiveneas  may  yet  piove  successful. 
The  spectrum  as  usually  seen  is  extremely  faint,  so  that  the 
observer  ought  to  prepare  himself  for  his  work  by  remaining  in  a 
dark  room  for  at  least  ten  minutes  before  he  attempts  to  make 
observations,  but  if  this  precaution  be  taken  the  spectrum  can  be 
seen  an  any  clear  night  when  there  is  no  moonlight  and  neither 
Jupiter  nor  Venus  is  very  near  the  place  of  observation.  As 
ordinarily  seen,  very  little  colour  can  be  distinguished  in  the  spec- 
trum, bat  under  favourable  conditions  a  distinct  tinge  of  red  can  be 
observed.  Except  on  a  few  occasions  the  spectrum,  as  I  have  seen 
it,  was  continuous  and  quite  free  from  bright  lines,  but  on  several 
nights  in  1883  I  saw  what  appeared  to  be  a  bright  line.  The 
following  extracts  from  my  note-book  give  all  the  cases  of  this 
appearance. 

1883.  March  7th. — Spectrumin  direct  vision  spectroscope  distinct 
up  to  at  least  45*  altitude:  apparently  continuous,  but  with  part 
more  brilliant  than  the  rest. 

March  8th. — Spectrum  clearly  visible.  The  most  notable  feature 
is  the  rapid  variations  in  brightness.  There  seems  to  be  either  a 
bright  band  ot  a  part  of  maximum  brightness  somewhat  like  that 
seen  on  the  more  refrangible  side  of  the  D  line  towards  snuset, 
(Observation  made  with  long  collimator  and  glass  prism) 

March  28tk,  7^  20"  to  7^  50™  p.m.— Short  collimator.  Light 
faint  and  very  diffuse :  no  clouds :  eight  stars  easily  visible  in  Pleiades. 
Spectrum  flickering  and  faint,  bnt  shows  almost  certainly  a  bright 
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line,  apparently  in  the  jellow-green,  bot  poeition  donbtfnl,  as  only  a 
rough  method  of  compatiaon  was  available. 

March  29tt,  7,30  to  8  p.m.— Short  collimatoi,  h>w  power  eye- 
piece. Night  fine:  no  clouda.  Continuona  spectnim,  brighter  part 
banning  in  the  yellow.  Bright  line  appeared  to  fiaah  oat  at  times, 
bnt  reiy  doubtful. 

April  2nfl — Clouds  near  boriion.  Bright  continuous  apectnun, 
which  ended  sharply  near  D.  A  place  of  maximum  brightness 
near  centre.     Flickering. 

AprU  5th. — Direct  visioa  apectroacope.  Clouds  near  horicon. 
Light  faint,  but  apectmni  fairly' bright.  There  appeared  to  be  two 
b^ht  lines.  At  times  the  lines  seemed  quite  distinct,  at  other 
times  quite  invisible. 

Aprii  2ith,  7.30  f.k. — Short  collimator,  high  power  eye-piece. 
Light  clonds  and  a  slight  haze  near  the  horizon,  through  which  the 
Pleiades  were  dimly  visible.  Z.  L.  not  vety  bright,  but  extended 
through  at  least  60°.  Spectrum  pretty  bright,  and  bright  line 
appeared  to  flash  up  near  the  red  end.  Position  determined  by 
bringing  end  of  faintly  iltuminated  scale  to  coincide,  and  then  com- 
paring solar  lines  with  the  scale  on  the  morning  of  the  26th,  eveiy- 
thing  having  been  left 'unchanged. 

The  position  thus  detennined  corresponded  to  a  wavelength  of 
558.  After  thu  the  epectroacope  was  fitted  for  photographic  work, 
and  plates  were  exposed  on  April  30th  and  May  1st;  on  the  former 
for  an  hour,  on  the  latter  for  an  hour  and  a  half,  but  witiiont 
any  resulL     The  following  is  the  note  for  the  latter  of  the  two 

May  l<t. — Z.  L.  very  bright  but  very  difTuse,  rising  well  above 
Jupiter,  neat  which  it  seemed  to  bifurcate.  Sl^ht  haze  about 
horizon,  but  stars  visible  through  it  down  to  the  horizon.  Spectrum 
as  seen  with  eye-piece  held  behind  camera  veiy  bright,  and  extended 
to  the  red.  With  direct  vision  spectroscope  veiy  bright  at  first,  bat 
soon  getting  much  iainter.  The  line  at  times  seemed  to  flash  out. 
At  other  times  the  spectrum  seemed  to  be  banded. 

Since  then  I  have  never  seen  the  least  trace  of  a  line,  though  on 
a  numbet  of  occasions  I  have  had  particularly  good  opportunities  of 
examining  the  spectrum,  especially  in  January  1889,  when  I  spent 
the  first  twelve  days  of  the  yeai  on  the  top  of  Dodabetto,  8642  feet 
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abore  mean  sea-leTel.  The  notes  made  on  that  occasion  include  the 
ramark  "  certainly  no  bright  lines." 

It  appeals,  then,  that  in  all  my  obserTationa,  which  have  been 
carried  on  at  intervals  since  1876,  the  spectrum  bas  appeared  con- 
tinaoDB  and  free  from  bright  lines  except  during  the  spring  of  1883, 
and  that  even  then  the  lines  were  not  seen  with  sufficient  distinct- 
sees  to  make  their  existence  certain.  The  estimated  position  of  the 
supposed  line,  W.  L.  558,  differs  but  little  from  that  of  the  auroral 
line  (W.  L,  556*7)  which  was  observed  by  Angstrom*'  in  the 
zodiacal  light  spectrum  in  1867.  He,  however,  was  obeeiving  at 
Upeala,  where  the  auroral  spectrum  can  often  be  seen  in  almost  all 
parte  of  the  sbj,  even  when  the  aurora  itself  cannot  be  detected, 
Senor  A.  T.  Acrimis,f  observing  at  Cadiz,  saw  two  bright  lines  in 
the  spectrum,  but  since  he  used  a  refractor  and  a  five  prism  spectro- 
scope it  is  almost  certain  that  it  was  not  the  spectrum  of  the 
zodiacal  light  that  be  saw.  There  would  seem  to  be  very  little  risk 
of  obtaining  the  auroral  spectrum  in  Madras,  and  I  think  that  if  the 
bright  line  eeen  was  real  and  not  im^pnary  it  must  have  been  due 
to  the  zodiacal  light.  It  seems,  too,  to  be  in  favour  of  its  reality 
that  my  own  prepossessions — arising  from  hundreds  of  previous 
observations,  were  entirely  against  the  existence  of  such  a  line, 
"n^se  observations  are  presented  to  the  Society  with  great  hesita- 
tion, but  as  they  were  made  with  every  precaution  that  I  could 
devise,  I  think  it  best  to  place  them  on  record. 

Another  point  with  reference  to  the  zodiacal  light  on  which  more 
detdled  and  accurate  observations  are  much  needed  is  ite  exact 
position  in  the  sky.  It  was  only  recently  that  I  discovered  how 
very  unsatisfactory  existing  determinations  were,  and  I  do  not 
propose  at  present  to  give  any  results  of  my  own  measnrementa.  I 
wish,  however,  to  call  attention  to  one  or  two  points.  Yeiy  htUe 
weight  can  be  laid  on  determinations  of  the  inclination  of  the  axis 
of  the  light  made  in  high  latitudes,  for  Seaile  has  shown}  that  the 
difference  in  absorption  between  the  upper  and  lower  boundaries  may 
produce  a  very  considerable  displacement  of  the  apparent  axis. 
But  no  such  explanation  will  account  for  the  difibrences  shown  in 

•  Fogg.  ^luwZ.,  vol  1S7,  p.  182. 
i  R.  A.  S.  ItimUUy  Notice*,  zxzvi.  p.  1. 

X  Proc  Amer.  AeaiL,  voL  zii.  p.  US  ;  Mtmain  Amer.  Acad.,  xi.  p.  135. 
VOL.  XVII.  26/5/90  E 
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existing  records.  Take,  for  example,  those  made  by  Captain  Jacob  in 
Madras  ia  1856-57-58  compared  with  those  of  Captain  Tnpman 
in  the  Mediterranean  in  1869-71. 

The  former  *  found  that  the  axis  of  the  light  was  inclined  bnt 
slightly  to  the  ecliptic,  and  that  the  estreme  positions  of  the  vertex 
of  the  western  cone  were  lat.  2°  S.  and  lat.  6°  N.,  while  the  latter 
statesf  that  the  inclination  to  the  ecliptic  was  often  as  much  as  20°, 
and  that  an  error  of  3°  or  4°  in  his  observations  is  inadmissible. 

It  is  extremely  difficult  to  fis  the  position  of  the  light  by  any  of 
the  ordinary  methods,  bnt  I  have  hopes  of  getting  a  verj  fair 
estimate  of  the  inclination  of  the  axis  by  using  a  form  of  clinometer. 
This  consists  of  a  stand  with  levelling  screws  carrying  a  long  wooden 
arm  movable  in  a  vertical  plane  about  an  axis  at  one  end,  and 
provided  with  an  arrangement  for  clamping  it  at  any  required 
angle.  The  angle  is  measured  by  means  of  a  plumb  line  suspended 
from  the  upper  end.  I  find  it  possible  to  place  this  arm  parallel  to 
the  axis  of  the  light  with  considerable  accuracy.  At  the  same  time 
it  seems  probable,  as  remarked  hy  Soarle,  that  no  Teally  satisfactory 
determination  of  the  position  of  the  light  will  be  obtained  except 
by  a  careful  photometric  survey.  A  method  of  making  such  a 
survey  has,  however,  still  to  be  devised,  and  to  be  satisfactory  it 
would  have  to  be  preceded  by  a  photometric  survey  of  the  le^on 
in  which  the  light  falls. 

On  the  Stnioture  and  Contractioii  of  8trii>ed  Mosonlar 
Fibre  of  the  Crab  and  Lobster.  By  Professor  William 
Rutherford,  MD.,  F.RS. 

(B«ad  Febnui?  28, 1S90.) 
(Abgtrad.) 
The  author  gave  an  account  of  the  microscopical  appearances  of 
striped  muscle  of  the  crab  and  lobster.  The  mnscle  of  the  crab  and 
lobster  is  suitable  for  investigation  because  of  the  comparatively  large 
size  of  the  structural  elements,  and  the  readiness  with  which  the 
sarcous  matter  can  be  fixed  and  otherwise  prepared  in  different  con- 

*  MenioiTa  R  A.  S.,  vol  xxviii.  p.  110. 
f  R  A.  S.  MmUhlyNoCica,  xiri.  p.  74. 
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ditions.  The  author  is  entirelj  opposed  to  the  opiniona  expressed 
by  MelUud,  and  more  recently  by  Gehuchten,  regoidiag  the  struc- 
ture of  the  sorcona  matter,  and  muutains,  as  he  did  at  the  Inter- 
national Medical  Congress  in  \%^\  (Traiuaetione  IiU&Tudvyiiai  Medi- 
eai  Congrega,  1881,  voL  i.  p.  270X  that  the  sorcous  matter  essentially 
consists  of  contractile  fibrils,  with  an  iuteistitial  aubstance  between 
them — an  opinion  previously  expressed  by  Eblliker  and  othera, 
and  recently  supported  by  BoUett  Fibrils  are  the  contractile 
elements  in  non-striped  muscle.  Fluid  is  contained  in  the  inter- 
stices of  the  invisible  micellar  network  of  their  seemingly  homo- 
geneous protoplasm.  The  shortening  of  the  fibrils  doubtless  implies 
a  change  in  the  relative  positions  of  the  nucelln  in  the  networks, 
but  there  is  no  evidence  of  any  shifting  of  fluid  from  one  part  of 
the  fibril  to  another.  The  fibrils  of  striped  muscle  are  segmented, 
and  one  of  the  events  of  contraction  is  the  shifting  of  fluid  from  one 
segment  to  another.  Each  fibril  conaista  of  a^mente  arranged  in 
linear  series  in  regular  alteruat«  order.  Boumum's  dement  is  the 
longest  segment,  and  appears  to  be  the  only  one  that  is  really  con- 
tractile.  Its  dimness  is  due  to  a  substance  resembling  myeline 
enclosed  in  a  contractile  tissue.  There  is  a  node  in  the  equator  of 
Bowman's  element,  the  position  of  which  ia  sometimes  marked  by 
a  dim  line  described  by  Hensen,  but  the  author  finds  no  evidence 
of  any  transverse  membrane  there  as  described  by  some  autbora. 
Between  the  ends  of  Bowman's  elements  there  is  a  s^meut  about 
half  the  lei^h  of  Bowman's  element,  termed  by  the  author  the 
miermediate  segment  It  is  a  tissne  containing  a  watery  fluid,  and 
there  is  a  globule  of  myeloid  substance  definitely  located  in  the 
equator  of  the  segment,  and  marking  the  position  of  a  node;  the 
author  finds  no  evidence  of  a  transverse  membrane  there,  such  as 
Eiause  and  othera  have  described.  Myeloid  substance  also  some- 
times occure  throughout  the  shaft  of  the  intermediate  segment,  but 
always  in  smallsr  amount  than  in  Bowman's  element  The  lateral 
coaptation  of  the  central  globules  in  neighbouring  intermediate 
segments  produces  the  line  to  which  attention  wss  first  particularly 
directed  by  Dobie  in  1848.  The  intermediate  segments  appear  not 
to  be  contractile,  and  probably  serve  as  elastic  buffers  between  the 
ends  of  Bowman's  elements  when  they  approach  each  other  during 
contraction.    A  Uiitd  s^ment,  termed  by  the  author  the  prt^er 
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dear  segmetd,  is  seen  between  Bowman's  element  and  the  inter- 
mediate segment,  when  the  oncoatracted  fibril  is  stretched  to  ite  fuli 
physiologica]  length.  It  is  almost  quite  clear,  and  appeals  to  con- 
sist of  a  thin  envelope  containing  a  vatery  fluid,  and  a  particle  of 
myeloid  substance  belonging  to  the  grannie  line  described  hy  Fldgel 
as  crossing  tiie  fibre  in  the  light  stripe.  The  whole  fibril  has  a 
thin  envelope. 

The  first  event  of  contraction  consists  in  a  shortening  of  the  in- 
terval between  the  tso&a  of  Bowman's  elements,  which  in  their 
appToximatioa  come  close  to  the  globule  of  Dobie's  line.  The 
shortening  appean  to  result  from  an  active  absorption  of  fluid  from 
the  clear  and  intermediate  segments  b;  Bowman's  elements.  In 
the  second  stage  of  contraction  the  fibril  seems  "  homogeneons," 
unlesB  it  is  suitably  stained  and  sufficiently  magnified.  In  this 
so-called  "  homogeneons"  stage  the  ends  of  Bowman's  elem^its  are 
in  dose  proximity  to  the  globule  of  Dobie's  line,  which  is  now 
somewhat  flattened ;  the  myeloid  subetance  has  not  yet  begun  to 
shift  its  place  in  Bowman's  element  In  the  third  stage  of  con- 
tmclion  the  myeloid  substance  moves  away  from  the  shaft  on  each 
side  of  the  equatorial  node  in  Bowman's  element,  accumolates  in 
its  ends,  and  the  element  shortens,  owing  to  a  real  contraction  of 
its  tisBTie.  There  is  a  "  reversal  of  the  stripes"  in  the  contracted 
fibre,  as  Flogel  first  pointed  out.  The  dim  strips  of  the  contracted 
fibril  consieto  of  the  approximated  ends  of  two  Bowman's  elements 
with  llie  myeloid  globule  of  the  intermediate  segment  between  them, 
now  much  flattened,  owing  to  lateral  extension  by  the  thickening 
of  the  contracted  fibril  The  light  stripe  of  the  contracted  fibril 
consists  of  the  shaft  of  Bowman's  element  that  hoe  become  clear, 
owing  to  shifting  of  the  myeloid  subetance  to  the  ends  of  the 
element.  The  myeloid  substance  appears  to  be  completely  moved 
to  the  ends  of  Bowman's  elements  only  when  their  shafts  contract 
and  squeeze  it  out ;  but  it  begins  to  move  out  of  the  shafts  before 
they  contract  The  fluid  absorbed  by  the  element  probably  passes 
into  the  interstices  of  the  micellar  network;  the  myeloid  substance 
appears  to  be  contained  in  a  special  set  of  spaces.  The  contraction 
of  the  micellar  network  does  not  express  the  absorbed  fluid,  which 
therefore  does  not  leave  Bowman's  element  until  its  contraction  is 
over.    The  elasticity  of  Bowman's  element  and  of  the  intermediate 
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segment  causes  them  to  return  to  their  normal  length  after  contrac- 
tion, but  does  not  lead  to  the  appearance  of  the  proper  dear  seg- 
ment, which  is  onljr  seen  when  the  fibrils  are  forcibly  eitendtsd  to 
their  fall  physiological  length.  The  phenomena  of  cootiaction  are 
esaentially  due  to  vital  changes  occurring  in  the  tissue  between  the 
equator  of  Bowman's  element  and  that  of  the  intermediate  segment. 


Some  Moltiiiomial  Theorems  in  Quaternions.  By  the 
Rev.  M.  M.  n.  Wilkinson.  Communicated  by  Professor 
Tait. 

(BMd  April  7,  1890.) 

The  formula  established  in  a  preceding  paper  are  particular 
instancea  of  some  very  general  foimuhe  to  which  I  wish  to  draw  the 
attention  of  mathematicianB. 

A.  On  Notation  and  Sfftnbola  emplot/ed. 

Suppoee  (r+i)  vectors  taken,  oj,  oj,  .  .  .  a^^,,  and  from  these 
any  selection  of  r  vectors  mada  Calling  the  product  of  these 
vectors  taken  in  order  (that  is,  so  that  two  vectors  a. ,  o.^^ ,  never 
occur  in  the  order  a,,.,v'ia  >  hat  always  in  the  order  a_ii„^),  p,  and 
the  prodnct  of  the  remruniug  g  vectors,  likewise  taken  in  order,  g, 
we  fonn  the  four  quaternions, 

SpSq,        S.pYq,        Vp&q,        ^.p^q, 

if  the  sum  of  the  suffixes  in  p  is  congruent  to  ^r{r  + 1),  modulus  2 
(Oiat  is  to  say,  if  the  sum  is  odd  or  even  according  as  the  sum  in 
what  will  be  always  regarded  as  the  first  term  in  the  series  is  odd 
ot  even),  the  sign  of  the  qoatemion  will  be  +,  if  otherwise,  — . 
Four  series  are  thns  formed,  each  eeriea  containing  C(r,  g)  terms, 
C(r, «)  standing  for  the  number  of  combinations  of  (r+«)  things 
taken  r  together.     We  define,  as  follows, 

S(r,s)-X±SpSq; 

Z(r,a)=X±S.pYq; 
Y(r,g).%±V.pVqi 

B{r,B).%±\.paq. 


,,GoogIc 


150  Proceedings  of  Sot/al  Society  of  Edinburgh,         [bebs. 

Thus,  eelectiiig  oat  of  C(r, »)  terms  a  namber  quite  BofBcient  to 
indicate  how  all  the  other  tenne  are  fonnod, 
V(r,«)  =  V.o,t4,.,a,Va^,a,+,..,(i,+,-V.aiaj...(v_i(V+iV(MV+i...,a,4j+.., 

+  V.ajaj.,.a,.,(MV+i^"r-iOr+i"--'VM--"  +  (-l)"'V'.o,+,a,+,"-<V«Va,a,.. 
Changing,  in  each  qnatemion,  the  second  V  into  S,  we  get  the 
series  for  B{r,  e) :  changing,  in  each  quaternion,  the  first  Y  only  into 
S,  we  get  the  seriea  for  Z(r, «) :  changing  throughout  V  into  S,  we 
get  the  series  for  S(r,  e). 

In  the  investigation  we  have  to  use  series  fanned  in  exactly  the 
same  way,  bat  with  changed  vectois  (as,  for  instance,  o^  being 
omitted).  It  will  be  found,  practically,  qnite  sufficient  to  indicate 
what  is  meant  by  writing  8',  S",  or  S^,  &c.,  instead  of  S.,  &c,  I 
have  found  it  convenient  that  f  shall  represent  Ya^oj ,  and  x  the 
quaternion  a^, ....  o^, ,  i.e.,  the  product  of  all  the  quaternions 
except  the  first  twa 

Of  course  S  and  Z  are  always  soalais,  and  T  and  B  are  always 
vectors. 

B,  Staiemeni  of  Theorem. 

S(2r,2»)-C(r,«)Sa,a^;  ■  1 

Z{2r,2*)-0; 

V(2r,2.)-C(r,.-l)V.«t,<4a!;  j    ' 

B{2r,  2*)  =  C(r-l,»)Y.ajQja;  J 

S(2r  +  l,2«-l)-0;  "1 

Z(2r+l,28-l)-0;  ! 

V(2r+l,>-l)  =  2C(r,»-l)V.a,<^;  I    ' 
B(2r  +  1,2»-1)  =  0;  J 

S{2r,  2«  + 1)  =  C(r,  s  -  1)80,0^ ;  "j 

Z(2r,2g  +  l)  =  3C<r-l,«)Sa,a^;  | 

V(2r,2s  +  l)  =  C(r,«)Vai<.j:r;  f  ' 

B(27-,2»+l)  =  0;  j 

8(2r+l,2s)-C(r-l,8)Sa,a^i  "] 

Z(2r+l,28)  =  SC{r,8-i)S<^a^;  \ 

V(2r  +  1, 2«)-0;  f  '     ' 

B<2r+  1,  2tt)-C(r,  «)Va,a^.  J 


(1) 


(2) 


(3) 


<4) 
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C.  FutidametUal  Cdeet. 
By  fundunenUl  caaes  we  mesn  cases  in  which  either  one  of  the 
Dumben  r,s,  in  (1),  (2),  (3),  (4)  is  unity.     Some  of  these  ate  the 
casH  conudered  in  my  former  paper,  which  proved  that, 
B(l,2»i  +  I)-0; 
B<1, 2n)       =.Va,<ij«; 
B(2, 2n)       -VoiOja;; 
B(2,2»+l)  =  0; 
of  GoniM  we  hare,  identically,  and  at  once, 

S(l,r)-S(r,l).B(r,l)-Oi 
and  my  former  paper  also  showed  that, 

S(2,2ii)       =(ti+l)Sa,a^; 
S{2,2B  +  l)=BSa,«4a;; 
and  BO  in  other  casea,  and  for  Ts  and  Za.     But  as  we  shall  establish 
our  formnln  (1)  to  (4)  by  an  induction,  it  will  be  well  to  put  down 
the  folk>wing  simple  identities : — 

S(1,1)  =  0;   Z(l,l)  =  0;   V(l,  l)  =  2Vaiaj;   B(l,l)=0; 
S(l,2)  =  0;   Z(l,2)-38ai<4<i,;  V(l,2)  =  0;  B(l.  2)  =  V.aiasa,  ; 
S{3,1)=.0;  Z(2,l)-3Sa,njfl,;  V(2,  1)-T«iai0i,;  B(2,l)  =  0; 
S(l,3)  =  0;  Z{1,3)  =  0;  V(l,  3)  =  2Va,«ai4a,;  B(l,  3)  =  0i 
2,2)-2Sa,<4a^,;  Z{2,2)-0;  V(2,  2)=Va,«ia^j ;  B(2,  2)  -  Vai<isa,o, 
S(3,l)-0;  Z(S,l)-0;  yi3,l)-2Yt^„^,^,i  B(3,l)-0. 

Xo  difScnlty  whatever  presenta  itaelf  in  any  one  of  these  cases. 
So  we  leave  them  for  the  beginner.  All  others  have,  doubtless,  in 
some  form  or  other,  met  with  them  frequently  before. 

So^  too,  we  leave  anch  fonnule  as, 

Z(l,2r)  =  3S<3,  2r-2); 
V(2r+1,  l)=V(l,2r+l)  =  2T.«,»jz; 

V(2r,l)-V.a,04«. 
Z<2,2b+1)  =  3S(3,2«); 

Z{2,2b)==0. 

V(2,  2«)  -  B(2»h  2)  =  BVajo^r ; 
V(2,2«+l)=(»+l)Va,44!e;  Vfcc.  At 
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They  will  be  found  to  be  formalie  reallj  established  by  the 
inveatigatian  to  which  we  now  proceed. 


D.  General  Investigation. 

We  assume  that  (1)  to  (4),  which  have  been  established  in 
fundamental  cases,  hold  when  the  total  number  of  vectoia  (m+n) 
inToIved  does  not  exceed  some  odd  numbers  (2<r  +  l).  First,  we 
will  show  that  they  still  hold  when  (m  +  n)  does  not  exceed  (2ir  +  2) : 
next  when  it  does  not  exceed  (2<r  +  3).  That  is  to  say,  assuming 
formolEB  (1)  to  (4)  as  they  are,  we  hare  first  to  find  S{2r+  2,  2e), 
8(2r,2s  +  2),  S(2»-+l,2»+l),  &c,  and  then  S(2r  +  1, 2«  +  2), 
8(2r+2,  2s-(-l),  &c.  If  the  same  law  is  found  to  hoU,  the 
formulae  will  have  been  completely  established. 
"We  have, 

S(2r,  2«  +  2)-8.aiB'{2r- 1,  2s  +  2)+S.a,B'{28+ 1,  2r) 
=  {C(i--l,«+l)  +  C(8,r)}ax,v' 

=  C(r,s  +  l)Sa,aja; (5) 

So  too,       S(2r  +  2,  28)  =  S(2«,  2r  +  2)  =  C{«,r+l)So,ayr;  .     .     (6) 
Z(2r,2.+  2)  =  S.a,V'{2r-l,2«  +  2)  +  S.aiV'(2e  +  l,2r); 

or,  Z(2r,2(.  +  2)  =  0; (7) 

so  too,  Z{2r  +  2,  2»)-0; (8) 

S(2r  +  l,28+l)  =  S.aiB'(2r,28+l)-SaiB'{2«,2r+l); 

or,  8(2r+l,2«+l)  =  0; (9) 

Z{2r+I,2s+l)  =  So,V'(2r,2»+l)-8a^.  .  .  .  a^^Ya,u^..  .  a^,*    . 

=  SojV'(2r,2»+l)-S.aia,.  .  .  <i»„V«„+, +  , . 

=  S.a,V'(2r,  2e  +  l)-  S.aiV'(2«,  2r+  1) 
-{C(r,»)-C(»,r);-Sa,a3x; 

or,  Z(2r  +  1,  2e+l)  =  0; (10) 

assume, 

V(2r,2«  +  2)  =  V,+V,  +  Vj  +  V^, 
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where,  in 

V,,  Qj,  oj,  botli  occur  in  fiist  qaat«mion  in  each  tenu ; 

»       V,       „  „  laat 

II       V^  O]  occoiB  in  the  first,  and  a,  in  the  last  qnateinion ; 

..    v^" -■     .. 

Then, 

V,  +  V,  =  V.tt,{Z'(2'--l.  2*+2)  +  V(2r-l,2in-2)} 
-3C(r-I,.).,Svi 
Vi  =  V.a,B3[2"{2r-2,2»  +  2)  +  V"(2r-2,  2g  +  2)} 
-C(i--I,.)V.a,a,V»; 
V,.  -3C(r-l,.)a^«,n-C(r-l,»)V.«rtV»j 

-V-(2r,  2.)S«,«,  +  T.o,<i,...Q»^,Vf(i„,...«„»„- ... 
V^3r,  2.+ 1).  V.f»,...a^,Va„...  - ...  +  V.a,a,.....,„VK-«-  -  .. 
.T.((Z"(2r-l,  2<  +  l)  +  V"(2r-l,  2«+I)l  + 
V.Oja,...a^rtVfii^+,...  -  ...  ; 
V,  -  C(r, «  -  1  )ViS«,05  *  0(r,  .)V(i  -  2C(r  - 1 ,  •jV.f Vi  i 
V,  +  V,  +  V,  +  V,  .  qr  - 1,  .){3a,S(v  -  30^,1  + V.o^Vi  -  2¥.£Vi} 
+  C(r,  .)V<i  +  C(r,.-l)TiSa,(i,- 
.  C(r  -  1,  .){3V.a,o,Vl  -  3ViS«,as  +  ViSaj.^  -  SV.JVl} 
+  C(>-,«)V^  +  C(r,.-l)VjSa,.^,     or 
V(2r,  2.  +  2)-qr,.)Va,,^;  (11] 

In  out  fonnuln  we  may,  of  course,  write  r  +  1  forrands-l 
for  s,  and  thna  obtain  in  the  same  way, 

V(2rt2,  2<).C(r+l,»-l)Va,o^;  .        .    (12) 
Again,  if 

B(2r  +  2,  28)  =  Bi  +  Bj  +  Bg  +  B4, 

B,  +  B,.T.a,(S'(2r*l,2<)  +  B'(2r+l,2»)) 

-  C(r  - 1,  .)a,S«ii  t  C(r,  .)V.a,V<>^ ; 
Bi.V.a,<,,(S"(2)-,  2.)  +  B"(2r,  2»)) 

-  C(r,  OfSx  +  C(r  -  1,  •)V.4V«  j 
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Ba  -  -  C(r  -  1,  s)a^^x  -  C(r,  «)V.ajVaia:  +  C(r,  a)\o^a^Sx 
+  C(r-l,s)V.aja,Vj: 
=  C(r  - 1,  «)(V*Saias  -  o,Sayi)  +  C(r,  <)(ojSajar  -  Y.a^x) ; 

=  B"(2r  +  2,  2t  -  2)Sai<4  + Va,a,...afc.+^SfB»+, 

Bf(2r  +  2,2«-l)-V.fosO«...<V+,Sa»+, + 

V.0j0^...a»,+4Si<V+i 

0  =  V.f{S"(2r+  1,  2.-  1)  +  Z"(2r+  1,  2«-  1)}  + 

'V.aa»«— "jr+tSfiVM 

B^  =  C(»-,»-l)V;rSoia,; 
B,  +  Bj  +  B,  +  B,  =  C(r  -  1,  «)V:ESa,<4  +  C(r, »  -  l)Va;Sa,iij  + 

B(2r  +  2,2«)=C(r,i)Va,a2z;.    ....     (13) 
too,  B(2r,2.  +  2)-.C{r-l,«+l)Voia^;    .     .     .     (14) 

oceeding  in  tlie  same  way,  take 

V{2r+l,2»+l)  =  V,+V,+V,  +  V,; 
Vi  +  V,-V.<i,{Z'(2r,2.  +  l)  +  V(2r,28+l)} 
-  3C(r  -  I,  s)a,S(Lja: + C(r,  «)V.  a,V«ja: 
Vi-V.a,<4{Z"(2r-l,2»+I)  +  V"{2r-l,2«+l} 
=  2C(r-l,«)V.o,ajV*; 
,  -  -  3C(r  -  1,  »)ajSajX  -  C{r, »)  V.  ojVaiX  +  2C(r- -  1,  8)V .  K^Vir ; 
,  =  "¥■. asaj...a».+,Vai<i5a,^...  -  .... 

=  V"(2r+l,  2s-l)Sa,a,  +  V.«ja(....  o^^Vfo,^.... -.. 
+  1,  2<)  =  V.fiija«...amVB»^^.. .-...- V.aa«,...a,^Vfa^^...+.. 
•  =  V.f{Z"(2r,  2.)  + V'(2r.  2e)}  -  V.a,a,...«^Vf«^....  +  ... 
C(r,  >  -  l)V:eSa,<i,  +  C<r,  s  -  lyV.ffx ; 
',  +  Vg  +  V,  -  C(r  -  1,  s){3oiSay«;  -  ^a^OjX+Vfo^x)  + 
-  C(r,  *)(V.  aiV<ve-  V.  a^cL^x)  +  C(r,  a  -  l)(2VxSaia,  +  V.f  Vx) 
=  {C(r-l,»)  +  C{n«-l)}(«iSaja;-o^x+2V*Sai<4)  + 
+  C(r,  *){V.  o,tt^  -  OjSaj* + a^ii^x  -  Vo^a-) . 
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So  that 

V(2r4-l,28+l)  =  2C(r,*)V.a,a^;     .    .     .     (15) 
So  Also,  if 

B(2r  +  l,2«+l)  =  Bi  +  Bj+Bs-i-Bj, 
Bi  +  B,=V.a,(S'<2r,  2«  +  l)  +  B'(2r,  28+1)}  -C(s- 1,  r)a,Sa^; 
Bi -  V.a,a,{S"{2r  -  1,  2«  + 1)  +  B"{2r  -  1,  2*  +  1)}  =  0 ; 
B,--C(«-l,r)«^a,x; 
Bj  —  V.aga,...a^+aSajaja„^...—  ... 

-B"(2r+l,2.-l)Sa,a,  +  V.«^^...a»^,Sfa^...-  ..; 
B((2r+1,  2*)- V.fa^,...a»+^a^,...-...-V.Oj««...a»+,Sfa,^.. .  +  ...; 
B^ -  -  C(r, «) V^  +  V.f  {8"(2r,  2»)  +  B"(2r,  2<)} 
-  -  C(r,  »)y^x  +  C(r,  8)^x  +  C{r - 1,  »)V.fV« 
--C(r,8-l)V.fV«; 
whence,  sidca  Y.  jVx  ■•  a^Ba^  -  a^ix^x , 

B(2r+l,2»4-l)-0 (16) 

Xhas  br  we  have  ebown  that,  if  formohe  (1)  to  (4)  are  true  for  all 
namber  of  vectors  up  to  as  odd  number  inclusive,  they  hold  when 
the  nombei  of  vectors  is  the  next  even  numbei. 
Proceeding  to  the  next  odd  namber  of  vectors,  we  have 

S(2r+1,  2«  +  2)  =  S.a,B'(2r,  2«+2)  +  S.aiB'(2e  +  l,  2r+l), 
the  sign  of  the  second  term  being  -(• .     Hence, 

S(2r+l,2*+2)-C<r-l,s+l)Sa,aja;;       .     .     (17) 
Sotoo,  S{2r  +  2,2«+l)-C(r+l,8-.l)Sa,<t^;      .     .     (18) 

Again,  Z(2r  + 1,  2»  +  2)  -  Sa,V'(2r,  2a  +  2)  + 

+  Sa»+i Ok^-M^^ttii'i  •  ■  ■  "•.+!  -  ■  ■  ■ 

"  C(r,  «)Saia^  +  Sai«j , . .  a»M4^<VM  •  ■  ■  -  •  ■  • 
-  C(r,  «)Soj«ji  +  SaiV'(28  + 1,  2r  + 1) 

=  3C(r,«)Sa,a^; (19) 

Sotoc^  Z(2r+2, 2(i+l)-3C(r,«)Sain^;.     .     .     .     (20) 

And,  proceeding  on  the  same  lines  as  before, 

if  V{2r+l,2*  +  2)-Vi  +  V,  +  Vj+V,, 
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V,  +  V,.T.a,{Z'(2r,2<  +  2)+T'(2r,  2«  +  2)) 
-C(r,e)V.a,Vi4a;; 
Y,.V.a,o,(Z'(2r-l,  2»+2)  +  V'(2r-l,  2i  +  2)) 
.3C(r-l,.)V<i,«^i 
V,.  -C(r,0V..,Va,i  +  3O(r-l,»)Vi^S«!; 
V^  =  V,  ogo,  ...  (l»+BVo,a,a».»4 ......  . 

-V."(2r-l,2.  +  2)S.j,4+V.«^...»„V&»„...... 

V^2r  +  l,2.  +  l)  =  V.fi,«.-"»*.V"w...--.-f.v.-.-'V«V£a»«    +■ 

V,--2C(i-,.)Vfz+V.f{Z"(2r,2.  +  l)  +  V"(2r,  2<+l)) 

-- 20(1-,  »)V*e  +  3C<r  - 1,  .){&«  + C(r,  .)V.  fV« ; 

V,+V,  +  V,  +  V,-C(r,.KV.a,Vo5i-V.«,V<>,»:-2V&!+V.fVj)  + 

+  3C(r  -  1,  .)(Tr4a,ai!  *^)- 

-  0(r.  .)(V.  .,v  -  V.  (Vft»  -  2V^)  -  0 ; 

or,  V(2r  +  l,2.+  2).0; (21) 

Agunif  T(2r+2,2»tl).V,  +  V,  +  V,  +  V,, 

V,  +  V,.V.a,(Z'(2r  +  l,  2<  +  l)tV'(2r+l,2.+  l)l 
-2C(r,«)V.aiV<i^; 
V,  -  V.o,05{Z"(2r,  2.+ 1)  <■  V"(2r,  2.+ 1)) 
-  3C(r  - 1, .)  V.  «,o,8«  +  C(r,  .jV.  a,ajV«  i 
V, .  -  2C(r,  .)T.  cjVaia:  +  SC(.-  - 1,  .)V.  ViS« + C(r,  .)V.  o^ V« ; 
v.- V.ago^...B^MVixj<4a»+4. . .  -. . 

-V"(2i-  +  2,  2.- I)Sa,o,  + v..,.,... !.»„¥{=»,.■•■-.•. 
VK2r  +  2,2.)-V.<v,...=»«Ta»„....-..+V..,.,...a»„Vf.^...-.. 
So  that, 

V,.C(r+ 1,  <- l)V»ai,.j+C(r+ 1,«- l)VSrt 
-V.f(Z"(2i-  +  l,2.)  +  V"(2r+l,2.)) 
-C(r  +  l,.-l)T.,a^-30(r,.-l)jS»; 
V,  +  T,  +  V,  +  V,  -  0(r,  >X2  V.  a,V«^  -  2T.  ■,¥.,!  +  V.  o^ V»)  + 

+  3C(r-  l,.)V.o^Si-30(r,«-  l)iS»  +  C(r+ 1,.  -  l)Va,ii^ 
-  C(j-,  «){2V«jt,^  -  2Vaja,ar  -  2V.  £Vx  +  V.  ojo,  Va:  -  3£Sa:)  + 
+  C(r  +  l,.-l)Va,a^ 
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=  C(r,  8){4V4r  -  2Vfr  +  aSoiOj  -  VfVar  -  fSa;) 

+  C(r+I,8-l)V«i«x^ 
-C{r,  9)V«,a^  +  C(r+  1,  «-l)Va,a^; 
Sothflt  V{2r  +  3,2«  +  l)-C(r+l,«)Vai<4a!;    .     .     .     (32) 

Again,        B(2r+2,2»  +  l)  =  Bi  +  Bj  +  Bg  +  B4,  where, 

B,  +  Bj-V.ai{S'(2r+l,2»+l)  +  B'(2r+l,2»+l)}-0; 
B,=V.aja5{S"(2r,  2«  +  l)  +  B"(2r,  2s+l)} 

~C{r.s-l}^; 

B,-C(r,.-l)Va^&r; 

B4  ■■  V.  Ojo^ . . .  a^+^SaiOjO*^. . .  - . . 

-  B"(2r  +  2,  2a  -  l)Sa,aj  +  V.  ogo, ...  a»^Siti»^ ....... . 

B({2r +  2,  2«)-V.f<v.....<W,Sa^...  - . .  +  V.oja,. .  «^Sf<H^...  -  ... 

B^-C(r',«)Ve^-V.f{S"{2r  +  l,2«)  +  B"(2r+l,2«)} 
- C(r,  8)V$r -  C{i- -  1,  «)£& -  C(r,  »)V.fV« ; 

Bi  +  B,  +  Bg  +  B,  -  C(r-,  a)(Vf^  -  fae  -  V.  fVa;)  -  0 ; 

or,  B(2r+2,2<+l)-0; (23) 

And  we  can  easily  show  that 
V(2r+2,2«  +  l)-B(2r+2,2»  +  l)»B(2s  +  l,2r  +  2)-V(2»+l,  2»-  +  2); 
H>  that 

B(2«  +  l,  2r  +  2)  =  V{2r  +  2,  38+l)  +  V(2«+l,  2r+2) 

-C{r+l,«)Vo,o^; (24) 

So  that  our  fonnulta  (1)  to  (i)  are  completely  established. 

On  an  Aocddentol  Bltustratiioii  of  the  Effective  Ohmio 
Beeiatanoe  to  a  Transient  Eleotrio  Current  through 
a  Steel  Bar.     By  Sir  William  Thomson. 

(Read  Much  17,  1890.) 
After  the  lecent  meeting  of  the  British  Association  at  Newcastle, 
Lotd  Armstrong,  in  showing  me  tlie  appliances  by  which  hia  honse 
at  Cragaide  ia  lighted  electrically  by  water-power,  told  me  of  a  very 
wonderful  incident  which  he  had  lecentlj  experienced.  A  bar  of 
steel,  which  he  was  holding  in  bis  hand,  was  allowed  accidentally 
to  come  in  contact  with  the  two  poles  of  a  dynamo  in  actioD.    He 
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instantly  perceived  a  painful  sensation  of  burning,  and  let  the  bar 
drop.  He  found  his  hand  or  fingers,  where  it  had  touched  the  bar, 
severely  blistered.  The  bar  itself  was  found  immediately  after- 
wards to  be  quite  cold,  or  not  perceptibly  hot.  This  was  a  very 
marvellouB  incident.  It  proved  (1)  the  outer  surface  of  the  el«el 
to  have  been  intensely  heated ;  (2)  that  not  enough  of  heat  was 
generated  to  sensibly  warm  the  whole  bar.  The  explanation,  of 
course,  was  to  be  found  in  the  known  laws  of  diffusion  of  electric 
currents,  through  non-magnetic  conductors,  considered  in  connection 
with  the  effect  of  magnetic  susceptibility  of  unknown  amount  and 
law,  in  conductors  of  steel  or  iron. 

Lord  Armstrong's  accidental  esperiment  seemed  to  me  snch  a 
very  instructive  illostratiou  of  fundamental  principles  of  electro- 
magnetic induction,  tbat  I  wrote  to  him  asking  bis  permission  to 
communicate  it  to  the  Koyal  Society  of  Edinburgh,  at  the  same  time 
inquiring  as  to  some  details.  In  reply  I  immediately  received  a 
letter,  of  date  7th  March,  kindly  giving  the  desired  permission,  and 
containing  the  following  very  interesting  statement : — 

"  I  Bend  you,  by  parcel  post,  the  steel  (not  iron)  bar  which  I  held 
"  when  it  accidentally  ebort-circuited  the  current.  Tou  will  observe 
"  two  little  bollowa,*  which  were  humt  out  of  the  metal  at  the 
"  instant  of  contact,  and  these  mark  the  distance  between  the  points 
"  of  contact.  The  bar  was  held  by  my  fingers  midway  between 
"  these  two  marks,  and  the  bums  were  inflicted  at  the  places  where 
"  my  fingers  touched  the  metaL  The  sudden  pain  caused  me  to 
"  dash  the  bar  inatantaneoasly  to  the  ground,  and  an  attendant 
"  immediately  picked  it  up  and  found  it  quite  cold.  Three  of  my 
"  fingers  and  my  thumb  were  blistered,  and  had  the  iujuiies  not 
"  been  immediately  treated  by  an  expert  who  happened  to  be 
"  present,  they  would  probably  have  developed  into  troublesome 
"  Bores ;  as  it  was,  my  arm  had  to  be  carried  in  a  sling  dnring  the 
"  first  day,  and  I  was  not  able  to  hold  a  pen  with  comfort  for  many 
"  days  afterwards.  There  was  a  great  blate  of  light  from  the  two 
"  points  of  metallic  contact,  but  the  flame  could  not  possibly  have 
"  got  under  my  fingers  where  they  touched  the  metal  and  were 
"  burnt.    If  the  flame  bad  done  the  injury,  it  would  have  taken 

i,  the  bar  is  about  a  foot  lon^ 
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"  effect  upon  the  exposed  parte  of  my  hand,  bnt  nothing  was  Bcorched 
"  except  the  skin  at  the  points  of  grasp. 

"  The  dynamo  was  of  Crompton's  pattern,  with  compotmd  wind- 
"  ing.  The  speed  was  ahout  1300  levolDtions  per  mioute.  The 
"  dynamo  was  not  employed  in  charging  batteries,  but  in  the  direct 
"  l^hting  of  incandescent  lamps.  The  duty  of  the  dynamo  at  the 
"  time  would  be  about  85  amperes  and  the  potential  103  volts.  Ifo 
"  check  in  the  dynamo  was  perceived,  nor  was  it  likely  to  be  observ- 
"  able,  seeing  that  the  momentum  of  the  revolving  parts  would  be 
*'  enormouBly  powerful  to  overcame  any  momentary  inctease  of  re- 
"  aistance.  There  being  two  dynamos  on  one  axis,  both  in  motion, 
"  though  only  one  was  doing  work,  besides  the  turbine-wheel  and 
*'  the  impinging  jets,  there  would  be  a  collective  momentnm  of  great 
"  enei^  for  a  momentary  effort." 

The  requisites  for  working  out  fully  the  theory  of  transient  or 
periodic  currents  iu  coudnctors  of  any  form,  are  included  in 
Maxwell's  fundamental  equations  of  electro-magnetic  induction, 
and  are  given  explicitly  for  straight  cylindric  conductors  of  nou- 
magnetic  material  in  ^  685-689  of  his  great  work.  Lord  Bay- 
leigh  in  his  paper  "  On  the  Self-Induction  and  fiesistance  of  Straight 
Conductors "  (PAt21  Mag.,  May  1886)  gives  explicitly  the  proper 
formolan  for  transieut  or  periodic  currents,  in  straight  cylindric 
rods  of  iron,  on  the  supposition  of  constant  magnetic  susceptibility. 
The  details  of  this  highly  interesting  and  important  branch  of  the 
sul^ect  have  also  been  investigated  by  Heaviside  in  a  very  compre- 
hensive manner.  The  tendency  of  periodically  alternating  currents, 
to  be  condensed  in  the  outer  part  of  a  cylindric  conductor,  while  the 
current  may  be  exceedingly  feeble  or  quite  insensible  in  the  central 
parts,  was  discussed  and  explained  by  Lord  Rayleigb  in  p.  388  of 
his  article  already  referred  to,  and  Ite  aggravation  in  an  iron  con- 
ductor specially  pointed  out  The  same  considerations  show  that  a 
transient  current  resulting  from  the  application,  for  a  very  short 
time,  of  the  electro-motive  force  of  a  voltaic  battery,  or  of  electro 
magnetic  induction  acting  not  directly  on  *  the  cylindric  condnctor 

*  This  caution  is  mtrodnced  to  avoid  leading  any  Teoder  into  an  error 
into  which  I  myaair  rail  in  tha  text,  and  corrected  in  rootnotea,  of  an  article 
in  I^ilosoph-Kal  MagaxiM  for  Uarch  1S90,  "On  the  Time-Integral  of  a 
Tnuiient  BLectro- Magnetically  Induced  Cnrtent" 
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coneidered,  but  on  a  conductor  such  aa  tlkc  indactor  of  a  dynamo  of 
any  kind,  moinentaiiljr  in  ciicnit  with  it,  ia  only  akin  deep  if  the 
duiation  of  the  electromotive  force  be  but  short  enough ;  and  that 
the  depth  to  which  the  cunent  penetrates  in  a  given  very  ehort 
time  is  much  smaller  for  iron  than  for  copper.  This  is  certainly  the 
explanation  of  Lord  Aisistrong's  wonderful  experiment 

To  find  something  towards  a  mathematical  solution  for  the  in- 
creasing cunent  at  any  instant  during  the  electiia  contact  of  Lord 
Armstrong's  experiment,  it  is  convenient  first  to  solve  the  problem 
of  findii^  the  subsidence  of  current  initially  given  in  a  circuit  of 
two  very  long  parallel  bars  connected  by  end  bridges,  ot  in  a  circuit 
of  one  long  bar  insulated  within  a  conducting  sheath  except  at  its 
ends,  which  are  in  metallic  connection  with  the  sheath. 

In  all  cases  of  electric  currents  given  in  parallel  straight  lines, 
and  left  to  subside,*  without  any  other  electromotive  force  than  that 
of  their  mutual  electro-magnetic  induction,  the  thermal  analogy  ia 
exceedingly  convenient.  For  electric  conductivity,  e,  we  have 
thermal  capacity  divided  by  4ir;  for  magnetic  permeability,  the 
reciprocal  of  thermal  condoctiTity ;  and  for  current-denaity,  tempera- 
ture multiplied  by  thermal  capacity.  Tbna,  if  two  infinitely  loi^ 
straight  parallel  conducting  bars,  separated  by  insulating  material, 
be  given  with  equal  currents  in  opposite  directions  through  them, 
and  left  to  themselves,  we  have  precisely  the  same  mathematical 
problem  to  solve  as  if  in  every  line  of  the  thermal  analogue,  we  had 

*  The  thermal  aaologae  for  a  varTing  or  constoEt  electromotive  force  applied 
bf  a  voltaic  batter;  or  djoamo,  eubetitnted  for  one  of  the  end-bridges,  ii 
positive  and  negative  sources  of  heat  applied  at  the  intarfsc«a  between  the 
thermal  analo^es  of  electric  conductor  and  electric  inenlator.  The  quandtj 
of  heat  ^nerated  per  unit  of  area  por  anit  of  time,  at  any  point  of  either 
interbce  in  the  thermal  analogue,  is  equal  to  the  rate  of  variation  per  unit  of 
length  along  the  electric  condaotor,  of  the  electrostatic  force  in  the  insulator 
in  contact  with  it  in  the  electric  analogue.  Bemark  that,  in  the  electrio 
system  the  potential  ia  unifonn  over  each  normal  sectioa  of  either  conductor, 
and  that  the  variatioa  of  poteaUal  within  each  conductor  per  unit  of  distanoe 
along  its  length — that  i«  to  taj,  the  component  electroetatic  force  in  the 
direction  of  the  length  it  exceedingly  small  in  comparison  with  the  component 
electrostatic  force  perpendicular  to  the  length  at  any  place  in  the  insulator, 
except  close  to  the  ends  metoUicallj  connected  by  a  bridge.  The  equationa  in 
the  text  are  andunged,  except  the  second  inter&cial  condition,  it  beoomee 

where  a  denotes  the  qnantity  of  heat  generated  pec  nnit  of  time  in  the  aonrce. 
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initial  temperature  mnltiplied  hj  tharmal  capacity  given  equal  to 
tbe  cnnent-densi^  in  the  ooResponding  line  of  Uie  electro-mi^iietio 
problem,  and  the  system  left  to  itself,  with  the  positive  and  negative 
temperatures  in  the  two  ban  subsiding  towards  tero. 

The  thermal  analogue  for  the  insulating  material  of  the  electro- 
magnetic problem  is  an  ideal  medium  of  lero  thermal  capacity. 
Thus  in  process  of  equalisation  of  temperature  we  have  di&^ion  of 
heat  through  the  substance  of  each  bar,  according  to  Fourier's 
original  use  of  the  term  difToeion ;  while  in  the  ideal  medium  taking 
the  place  of  the  electric  insulator,  we  have  merely  conduction  of 
heat,  without  any  diffusion  properly  so  called,  that  is  to  say,  vithout 
any  excess  of  heat  conducted  out  of,  above  heat  conducted  into,  any 
portion  of  the  medium. 

If  I  denote  the  temperature  at  time  (,  in  the  thermal  analogue, 
at  any  point,  P ;  4irc  the  thermal  capacity  per  unit  of  volume ;  l/i? 
the  thermal  conductivity  of  the  analogue  to  either  of  the  electric 
conducting  bars;  and  1/ir'  the  thermal  conductivity  of  the  analogue 
to  the  iuaolating  medium :  the  equations  expressing  all  the  conditions 
of  the  problem  are 


^§'i{§*§y  i^'^'"^"-^ 


0  ■  _s  H — k  I  TP,  in  the  analogue  to  the  insulating  medium] : 

ffl-H'         I 

r[ P,  in  the  interface] ; 


where  djdr  denotes  rate  of  variation  per  unit  length  in  the  direction 
of  the  normal,  at  any  point  of  the  interface ;  and  [  ],  and  [  Y  denote 
values  infinitely  near  the  interface  outside  and  inside  respectively. 

In  the  particular  case  of  one  of  the  bars  of  circular  cross-section, 
and  the  other  a  hollow  circular  cylinder  surrounding  it  coaxially, 
the  problem  becomes  greasy  simplified.  It  becomes  still  farther  so 
ff  we  suppose  the  electric  conductivity,  or  in  the  thermal  analogue 
the  thermal  capacity,  of  this  outside  sheath  to  be  infinitely  great. 
In  this  last  case  we  have  identically  the  same  mathematical  problem 
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as  that  larding  a  heated  cylinder  left  to  cool,  which  was  pre- 
Bented  and  f  ullj  solved  by  Footder  in  the  eizth  chaptei  of  his  great 
work  (Thiorie  anaiylique  de  la  Chaieur).  Instead  of  Uie  bodily 
thermal  conductivity  divided  by  surface  emiesivity  of  Fourier's 
pioblem,  eesentially  a  line  which  we  shall  denote  by  A,  we  haTe  in 
the  electro-magnetic  problem, 

A  =  — alog-, 

when  a  and  v  bm  the  magnetic  permeabilltiea  of  the  conducting 
rod  and  inenlating  medium  around  it,  and  a  and  b  the  ndii  of  the 
croes-aections  of  the  rod,  and  of  the  inner  surface  of  the  enclodng 
ooadnctor. 

Not  conddering  for  the  present  the  interesting  case  suggested  by 
HeavisidB  of  an  insulating  medium  composed  of  soft  iron  filings 
imbedded  in  wax  or  other  ordinary  insulating  solid,  we  have  prac- 
tically a'  =  l,  whether  the  insulator  be  air  or  any  ordinary  insnlat- 
ing  solid  or  liquid. 

Coneider  now  two  cases — a  copper  rod  and  a  steel  or  iron  rod, 
each  of  the  same  diameter,  1*4  cm.  as  Lord  Armstrong's  steel  rod, 
and  suppose,  for  example,  b  equal  to  ten  times  a,  we  have 
A=3'3a==l'6  cm.  for  copper; 
A->iy-*.2'3a=i7'*.l'6  cm.  for  steel  or  iron. 
If  b,  instead  of  h^i^  7  cm.  were  70  cm.  or  700  cm.,  A  would  be  only 
doubled  or  tripled;  on  the  other  hand,  if  b  were  very  small  in 
oomparison  with  a,  \  =  b~a.    Excluding  this  case,  we  see  that  for 
copper  X  is  greater  than  a,  or  not  inoomparably  less  than  a.     We 
thus  have  a  very  fine  and  a  very  easy  example  for  working  out 
numerical  resulte  by  Fourier's  solution. 

Od  the  other  hand,  foe  an  iron  or  steel  rod  we  have  for  a  some 
large  number,  poseihly  about  300 ;  or  if  the  currents  and  therefore 
the  magnetic  forces  concerned  are  very  small,  we  may,  according  to 
Lord  Bayleigb's  important  experimental  investigalaon  on  the  sulgeot 
of  magnetic  induction  *  by  very  small  magnetic  forces,  have  tr  as 

•  This  eonmwtioD  of  irordB  iUnstratw  the  exceeding  inconvenienee  of  H*z> 

wall'*  use  of  ' '  magnetic  indnction  "  to  deaignato  the  magnetf e  foice  in  an  ait- 
crevane  perpendicnla^  to  tlie  lines  of  magnetiution  in  magnetised  ateel  or  soft 
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small  as  80 ;  on  the  other  hand,  for  moderately  strong  cnrrenta  and 
conespondrngly  high  electromotive  forces,  we  may  have  zr  greater 
than  3000.*  Wb  shoU  take  it  aa  300  merely  by  way  of  example 
and  illnstratioii,  bnt  as  the  permeability  variea  enormously  with  the 
amount  of  the  magnetising  force,  and  in  a  manner  desperately  com- 
plicated by  magnetic  retentivenees,  hysteresis  according  to  Ewing's 
designation,  no  accniate  mathematical  investigation  ia  practicable 
with  only  onr  present  knowledge  of  the  requisite  data  for  the 
difiosion  of  electric  currents  through  an  iron  or  steel  conductor. 

Taking  for  iron  or  steel  i7  =  300,  and,  as  above,  a='7,  d«7,we 
find  X  =  1/130  of  a,  or  1/187  of  a  centimetre.  Now,  because  A  is 
so  small  a  fraction  as  1/130  of  the  radius  of  the  rod,  we  see  that 
the  cnrrent-density  at  the  surface  (or  suiface-temperoture  in  the 
thermal  anal<^e)  drops  nearly  to  zero,  while  there  is  still  but  a 
relatively  small  diminution  of  cnrrent-density  (or  temperature  in 
the  thermal  analt^e)  farther  in  from  the  surface  than  a  distance  of 
1/10  of  the  radius.  Hence,  for  the  ronghly  approximate  investiga- 
tion wi^  which  we  must  be  content,  we  may  be  satisfied  with  the 
very  simplifying  supposition  of  A=0. 

If  we  take  10,000  c.g.e.  (or  square  centimetres  per  second)  as 
the  resistivity  f  of  steel  or  iron,  we  must  divide  this  by  300  x  In- 
to find  the  diffnsivity  for  electric  current  (thermal  difiusivity,  or 
coudactiyity  divided  by  thermal  capacity  of  unit  volume,  in  the 
thermal  analogue),  which  therefore  is  2-7  square  centimetres  per 
second.  This  is  only  aboat  12  times  the  thermal  diffnsivity  of 
heat  in  iron  (which  is  '225  of  a  square  centimetre  per  second). 
Hence  in  1/4300  of  a  second  (if  A=0),  the  state  of  things  as 
tegards  falling  off  of  the  strength  of  current  towards  the  final  zero, 
at  different  (Ustances  from  the  surface,  would  be  that  represented 
by  number  O'l  curve  of  my  diagram  of  laminar  diffusion.  J  That 
is  to  say,  the  diffusion  curve  would  be  carve  number  1  with  its 

*  Bowlacd  for  one  epecimen  of  iron  foond  the  magaetic  sosceptibility  as 
liigh  as  3G96  for  magnetisiDg  force  1-317  (Me  PhiL  Mag.,  Ang.  1873). 

t  This  seeuu  to  me  a  much  better  word  than  apecitc  reeistaiice  to  denote 
the  reiiatance  per  centimetre  of  length  of  a  bar  of  a  eqnare  centimetre  of  crosa- 
MOtioii  of  any  nibatanw.  The  reeistiTity  of  Lord  AtmBtrong's  steel  bar  I  have 
fonnd  by  measnrement  to  be  li,000  c.g.a. 

X  See  SriHA  AuociiMon  Report,  Bath,  I8S8,  p.  G71 ;  or  Vol.  III.  of  my 
collected  E^pen,  to  be  pnblithed  in  May, 
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Tertrical  ordinate  reduced  to  1/10,  or  cnrve  otunbet  10  vitb  iU 
vertical  ocdinates  reduced  to  I/IOO.  Saw  by  Dumber  1  curve  we 
see  that  at  1/2  centimetre  from  the  initiational  surface  (euppoMd 
plane)  the  amoont  of  the  falling  off  is  16  per  cent  of  the  whole. 
Hence  in  our  irou  ot  ateel  rod  (on  the  auppoeition  X^O)  tbe 
current  at  1/1300  of  a  second  from  the  beginning,  and  at  1/20  of  a 
centimetre  from  the  surface,  would  have  fallen  off  b;  16  per  cent. 
of  its  giv^i  amount  Thus  we  judge  that  during  the  first  1/4000  of 
a  seccwd  the  effect  of  the  cylindric  curratnre  is  but  dighl,  and  the 
diffusion  fidlowB  sensibly  the  law  of  plane  laminar  diffusion. 

The  suppoeition  of  a  circular  cjlindric  sheath  of  infinite  electric 
conductivity,  coaxal  with  the  rod  considered,  and  separated  from  it 
by  the  insulating  material,  which  we  have  adopted  for  the  sake  of 
simplicity  and  definitenees,  may  be  departed  from,  and  instead  we 
may  substitute  any  conductor  parallel  to  the  rod  considered,  [oo- 
vided  that  the  distance  between  the  two  is  a  considerable  multiple 
of  the  greatest  diameter  of  either.  In  virtue  of  this  proviso,  the 
distribution  of  current-density  is  necesBarily  but  vary  little  disturbed 
from  the  equality  at  equal  diatances  from  the  axis  of  the  rod,  which 
was  provided  for  by  the  supposition  of  a  cylindric  sheath.  If  the 
second  conductor  is  of  the  same  diameter  and  of  the  some  material 
as  the  first,  and  placed  at  a  dbtance  2a  from  it,  the  expreemoD  for  A 
will  be  the  aame  as  that  given  above. 

Now,  instead  of  the  great  simplicity  of  a  current^  genarated  (no 
matter  how),  and  given  initially  as  a  ateady  onrrent,  through  the 
circuit  of  two  long  parallel  conductor  and  the  wid-bridges  between 
them ;  suppose  the  conductor  and  one  end-bridge  to  be  given  with 
no  current,  and  let  a  voltaic  batteiy  be  suddenly  applied  instead  of 
the  other  end-bridge.  If  the  difference  of  potentials  maintained  by 
the  latter  between  the  ends  to  which  it  is  applied  be  absolutely 
constant,  the  rise  of  the  currant  through  the  parallel  conductois 
from  its  initial  zero  to  its  ultimate  steady  amount  will  follow  nearly 
the  same  law  as  the  fall  from  the  initial  steady  current  to  the  final 
zero  in  our  former  simple  case :  exactly  the  same  law  if  the  quantity 
of  positive  electricity  on  one  conductor,  and  of  negative  electricity 
on  the  other,  called  forth  according  to  electro-static  law,  in  virtue  of 
the  gradient  of  potential,  is  nothing  in  comparison  Irith  the  quantity 
flowing  through  the  circuit     The  quantity  of  electricity  required 


.Google 


]8S»-90.]    Sir  William  Thomson  on  Okmic  RtaiataTwx.         165 

for  the  static  electrification  ia  not  negligible  in  a  large  yariety  of 
telegraphic  and  telephonic  problems.*  In  the  ocean  cable  problem 
it  ia  of  paramount  importance ;  and  the  electro-tnagnetio  induction 
with  which  we  are  now  occupied  is  negligible.  In  shorter  cables 
and  high-apeed  action  both  the  electio-static  and  electro-magnetic 
induction  must  be  taken  into  account,  and  both  have  been  very 
practically  taken  into  account  by  Heaviaide  in  the  mathematical 
theory  of  the  telephone. 

In  a  vast  variety  of  labontory  experimental  arrangements  the 
currents  required  for  the  static  charges  are  quite  negligible.  In 
soch  a  case  aa  that  of  Lord  Armstrong's  experiment  the  quantity  of 
electricity  required  for  producing  or  changing  the  electrification  of 
every  part  of  the  circuits  or  of  the  conductora  concerned  ia  clearly 
quite  insensible  in  comparison  with  the  quantity  which  mnet  have 
flowed  through  the  bar  to  produce  the  observed  beating  effect. 

But  although  wa  are  not  troubled  with  any  difficulty  in  respect 
to  electro-atatio  charge,  we  have  in  Lord  Armstrong's  case  circum- 
stances of  such  extreme  complexity  that  it  ia  of  no  use  to  attempt 
to  work  out  a  complete  mathematical  theory.  It  seems  probable, 
however,  that  the  solution  indicated  above,  and  repreaented  by  my 
diffusion  diagram,  £airly  illnatratea  the  dicumstancee  of  the  cnrrent 
which  actually  flowed  through  the  steel  bar,  though  scarcely  with  any 
approach  to  quantitative  cocrectneea.  At  all  events  we  have  a  very 
striking  illustration  of  what  really  took  place,  and  ample  explanatiou 
of  the  intensify  and  auddenneas  of  the  effect  perceived  by  Lord  Arm- 
strong, by  working  out  the  result  numerically  of  what  would  take  place 
if  a  difference  of  potentials  of  100  volta  were  suddenly  instituted, 
and  forcedly  maintained  constant  during  one  or  two  or  three  ten 
thousandths  of  a  second  between  two  points  of  the  bar  15J  centi- 
metres asunder.  This  with  any  reasonable  assumption  as  to  the 
magnetic  permeability  of  the  iron  or  steel  bar,  and  its  diffuaivity 
for  electric  currents,  is  easily  done  on  the  supposition  X  =  0,  and 
the  solution  conveniently  represented  by  the  diffusion  diagram. 

We  must  not,  however,  suppose  that  the  difference  of  potentials 

between  the  two  points  of  the  ateel  bar  tonched  by  the  main  elec- 

trodea  of  the  dynamo  was  in  reality  constant  at  103  volts,  even  for 

so  long  a  time  as  two  or  three  ten  thousandths  of  a  second.    What  was 

•  Papsn,  Vol.  IL  Arta  74-77  and  80-83. 
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realty  conatant  may  dviring  a  part  of  the  time  more  leolly  have 
been  the  etreogtb  of  the  cuirent  through  the  electrodes  leftding 
ftom  the  complex  dynamo-circnit  of  annatnre  and  of  shunt  uid 
Beriee  coils  of  the  electro-magnet,  to  the  external  permanent  electiic 
lighting  circuit  and  temporary  circuit  through  the  eteel  bar.  The 
difference  of  potentials  between  the  two  points  of  the  steel  touched 
must  have  been  at  first  103  volts,  and  must  have  fallen  very  rapidly, 
while  the  current  which  it  produced  in  the  steel  rose  from  0  to  65 
amperes,  against  ohmic  resistance  eintdng  from  infinity  towards 
"000137  of  an  ohm  (this  being  the  actual  resistance  of  Lord  Arm- 
strong's bar  to  a.  current  running  full-bore  through  it,  oa  I  have 
found  by  measurement). 

The  immense  quaai-inertia  of  each  partial  circuit  within  the  dynamo 
forbids  the  supposition  that  there  can  have  been  a&y  great  augmenta- 
tion of  the  outgoing  current  during  the  few  hundredths  of  a  second 
of  the  short-circuiting  by  the  steel  bar ;  and,  possibly  with  no  prac- 
tical error,  we  may  suppose  that  current  to  have  been  constant  during 
the  whole  time.  Hence,  at  each  instant  the  electric  lighting  circuit 
must  have  lost  just  as  much  current  as  that  which  was  passing 
through  the  steel  bar.  Hence,  considering  the  smallness  of  the 
quasi-inertia  of  the  electric  lighting  circuit  the  65  amperea  thioogh 
it  before  the  accident  must,  after  two  or  three  ten-thousandths  of  a 
second,  have  been  very  neatly  annulled,  and,  therefore,  very  nearly 
a  constant  current  of  85  amperes  must  have  passed  for  the  rest  of 
the  time  through  the  outer  skin  of  the  steel  bar.*    We  have  thus 

*  This  ■aggeati  an  intereating  and,  happily,  an  easj  problem  regaidiag 
electro-ID  agnatic  itidoctioii  in  rectilinear  electric  euneat  tbroQgti  a  coadactor 
anrraonded  by  an  insulator.  Let  the  electromotire  actloa,  whatever  its  kind, 
be«o  regnUted  that  th«  inte}{nl  amount  of  current  crossing  the  nomul  aectioD 
of  the  conductor  is  kept  constant  The  mathematical  statement  of  this  con- 
dition, according  to  the  notation  of  the  text  above,  la, 

where  //'i^  denotes  aurface  integration  over  the  croas-Bection  of  the  eon- 
dactor.     From  this,  by  the  first  of  the  equations  of  the  text, 

ITow,  aa  is  nell  known,  and  very  easily  proved,  we  have  in  every  case. 


.Google 


1889-90.]     Sir  William  Thomson  on  Ohmie  Sesittanee.         16! 

no  di£Bculty  in  understanding  that  there  should  have  heen  amplj 
Bofficisnt  Gorrent  through  an  exceedingly  thin  shell  of  the  bar  t< 
produce  very  suddenly  the  high  temperatora  of  the  surface  vhicl 
Lord  Aniutaong  perceived,  and  jet  that  the  total  amount  of  hea 
generated  was  insufBcient  to  heat  the  bar  to  any  sensible  d^rei 
after  th«  second  or  ttro  required  for  the  thermal  dilFuslon  (diffusiTit: 
-225  of  a  sq.  cm.  per  sec.),  to  ^iread  it  nearly  uniformly  through  th 
body  of  the  bar.  The  heat  lost  outride  the  bar  by  surface  emisdvit 
(which  is  about  1/4000  of  a  gramme  water  thermal  unit  per  seconi 
per  sq.  cm.  of  surface  per  degree  of  excess)  would  be  quite  ineSectiv 
to  considerably  diminish  the  whole  quantity  In  the  time  lequirod  fc 
diffusion  to  nearly  eqnal  temperature  throi^oat  the  bar.  If  th 
dynamo  had  been  doing  no  work  externally  at  the  time  of  th 
accident,  the  time  required  to  get  up  a  strong  enough  current  ou 
of  the  dynamo  to  produce  much  heating  effect  would  have  been  vei 
mnch  longer  than  it  was.  The  result  to  Lord  Amuttong  migt 
not  have  been  very  noticeably  difieient  from  what  it  was,  but  tli 
attendant's  fingers  would  have  been  botned  also. 
wbcTE  /di  denotes  integratioi)  all  Toond  the  border  of  the  crom-iectloi 
Hence  the  condition  for  constuit  tot*l  smoont  of  current  ii  limply 


> 
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Foi  the  caae  of  circnlw  ciOM-MctioD  with  Qnifonn  electrie  conductivity  in  i 
puts  of  it ;  and  with  the  circnit-completing  condnctor  either  a  coaiie 
cylindrio  sheath,  or  x  conductor  of  &□;  form  whatever,  provided  only  that  i 
part  of  It  U  neu  enongh  to  the  conBidered  part  of  the  given  condactor  i 
sensibly  dlstarb  the  distiibntioD,  if  the  cnrrent,  through  its  circolar  croi 
section,  from  being  of  equal  corrent- density  at  equal  distances  from  the  aii 
the  condition  fot  constanoj  of  total  amount  becomes  simply 

at  the  boundary  of  the  conductor,  where  r  denotes  distances  from  the  ud 
The  full  numerical  eolation  of  this  problem,  from  the  instantaneous  comment 
ment  of  a  current  of  given  total  strength  (which  must  necessarily  be  in  t 
very  outer  ilcin,  and  most  require  an  in&nite  current  for  the  first  instai 
throDgb  the  whole  time  until  the  cnrr«nt  becomee  as  nearly  m  may 
uniform  throughout  the  cross-Bection,  is  particnJarly  easy,  but  must  be  i 
served  for  a  futnre  commnnication.  It  is  identical  with  the  following  pe 
ticolar  esse  of  Fourier's  thermid  problem : — Let  a  given  qoautity  of  heat 
initially  distributed  nniformlj  through  Ml  infinitely  thin  sorface'layer  of 
solid  cylinder  coated  with  an  impermeable  varnish ;  it  is  required  to  find,  I 
any  subseqaent  time,  the  temperatnte  at  any  diatanon  inwards  from  t 
■nrface  of  the  cylinder. 
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On  the  Segfmentatioii  of  the  Nucleus  of  t^e  Third  Cranial 

Nerva    By  Dr  Alexander  Bruce.     (With  Two  Plates.) 

(BaadJnljlE,  1&B9.) 

The  ciieimiBtsiiee  that  the  ocnlomotor  or  third  cranial  nerve 
auppliea  no  fewer  than  seven  moBcles  of  the  eye,  two  of  tbem 
intrinsic  and  five  extrinsic,  and  the  fact  that  these  muscles  may  be 
paralysed  either  singly  or  in  gronpa  as  the  result  of  central 
lesions,  naturally  suggest  that  each  muscle  u  represent«d  in  the 
nnclens  1^  a  separate  group  of  nerve  ceHs.  Hitherto,  however, 
the  anatomical  text-books  have  been  content  with  Jignring  the 
nucleus  as  a  small  indefinite  gronp  of  cells  lying  in  the  anterior 
portion  of  the  grey  matter  enrrounding  the  aquednct  of  Sylrfas: 

The  Wiell-knoTn  experiments  of  Hensen  and  ydlekers  {Qra^ii 
Archiv,  Bd.  xxiv.,  1876,  p.  1)  wonld  appear  to  hove  been  the  first 
attempt  to  investigate  the  question.  They  exposed  the  nneletn  in 
the  dog,  and  by  stimulating  its  various  portions  with  electricity,  they 
came  to  the  conclosion  tbat  the  centres  of  tho  rarioos  muscles 
were  arranged  from  above  downwuds  in  the  foUowii^  order ; — 

(t)  Tensor  choroideee  (accommodation). 

(2)  Sphincter  iridis, 

(3)  Bectns  intetnoa. 

(4)  BectuB  Bupcxior, 

(0)  Levator  palpebne  snperioris. 

(6)  Rectos  inferior. 

(7)  Obliquus  inferioi; 

In  1881  Kahler  and  Pick  {Proff.  ZeiUchrift  f.  HeOkunde,  Bd.  iL 
p.  30),  from  the  observations  of  two  clinical  cases  of  paialytie 
lesions  of  the  mnscles,  were  led  to  adopt  a  somewhat  diCTerent,  and 
what  appears  a  priori  to  be  a  more  natural  snangement.  They 
placed  the  oentna  in  a  median  and  a  lateial  group,  as  bdlow : — 
Median  Oroicp.  Lateral  Cfroup. 

Tensor  chi»oidetB. 

Sphincter  iridis.  

Beetna  intemus.  Levator  palpebne  snperioria. 

Bectne  superiw. 

Rectos  inferior.  Obliqnns  utferlor. 
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This  ftppeais  a  mon  natioral  gronplng,  from  the  fact  that  the  three 
elevators  of  the  e;e  and  eyelid,  which  habitually  act  together,  are 
placed  in  juxtapoaitioii,  wheieaa,  as  has  been  pointed  out  by 
Uatithner  in  hie  Nuetearlahmung,  Hensen  and  Vblckers  placed 
a  depressor,  the  rectus  inferior,  between  two  elevators,  thus  separat- 
ing it  also  from  its  asoeiated  centre,  that  for  saperior  oblique. 
Kahler  and  Pick  found  in  one  case  in  which  the  elevators  were 
paralysed  that  the  most  external  of  the  bindn'  (or  lowermost)  looto 
of  the  third  nerve  had  degenerated,  and  in  another  case  of  paralysis 
affecting  the  rectus  intemus  that  the  postero'median  rootlets  were 
degenerated.  Manthner  {Nudearlahmtmg)  is  inclined  to  accept  the 
arrangement  of  nnclei  just  described.  Yon  Quddeu  {Tghlti.  der 
Nahtr/.  u.  Aerzte,  Salzburg,  1880,  p.  100 ;  and  "  Mittheilungen  der 
Morph.  physiolog.  Geaellschaft  m  MUnchen,"  Aertd.  Intellig.  Blatt, 
1883)  fonnd  in  the  nbbit  two  nuclei  on  each  side,  a  ventral  and  a 
dorsal.  The  vential  or  anterior  was  connected  with  the  nerve  of 
the  same  aide,  the  dorsal  or  posterior  with  that  of  the  opposite  side. 
Thus  the  right  third  nerve  would  arise  from  the  right  ventral  and 
the  left  dorsal  nuclens.  He  further  divided  the  ventral  into  two 
parts,  an  anterin  (t.e.,  nearer  the  eerebrum  1)  and  a  posterior  portion. 

Merkel  (Graefe  Saeinieeh.  Handbueh  d.  Get,  Angenheillainde,  i.  p. 
135)  and  Tnlpian  and  Philippeaux  (Essai  «ur  Torigine  deplimeurt 
paint  de  ner/f  er^iewi)  admit  a  decussation  of  some  of  the  fibres  of 
the  third  nerve,  bnt  Daval  denies  its  exi8teiic& 

Edinger  (Wes^AaTs  Arehiv,  1885,  p.  858)  describes  a  median 
DQcIeuB  lying  between  the  two  principal  nuclei,  which  sends  fibres 
to  each  of  the  two  nerves.  Darkschewitsch  (Neurolog.  Centralblatt, 
1886,  No.  5)  describee  a  small-celled  nucleus  at  the  upper  extremity 
of  the  posterior  longitudinal  fasciculus,  which  he  regards  as  probably 
forming  part  of  the  oculomotor  nuclens. 

Westphal  (Artit.  /.  p&yehiatrie,  xviii,  p.  847)  found  in  a  esse  of 
ophthalmoplegia  externa  that  the  main  part  of  the  oculomotor 
nncleus  was  degenerated,  while  two  other  groups  of  nuclei  remained 
normaL  One  of  these  laj  a  little  to  the  side  of  the  raph^  and  is 
named  medial  by  Weetpbal.  The  other,  or  lateral,  lies  somewhat 
external  to  the  posterior  extremity  of  the  medial  nnclena  He 
apparently  does  not  recognise  a  nucleus  altc^ether  in  the  median 
[Jane.     (Westphal'a  paper  contains  a  very  exhaustive  account  of  the 
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aymptomatologf  and  desctiptioii  of  the  microscopic  ezaniiiBtioii  of 
th«  nocleos.) 

A  considerable  body  of  evidence  has  tbua  accumulated  in  faronr 
of  an  anatomical  segmentation  of  the  nucleus  in  question,  but  no 
two  aalhois  seem  to  be  ^reed  on  the  position  and  number  of  iba 
segmented  gioupe.  To  inveetigate  the  point  further,  I  made  a  series 
of  transverse  vertical  sections  of  the  brain  of  a  hanian  fcetns,  from 
the  lower  border  of  the  fourth  to  the  upper  margin  of  the  third 
nucleus;  and  a  second  series,  from  an  adult  human  brain,  of 
longitudinal  transveise  sections  through  the  some  nuclei.  The  first 
series  is  the  more  instructive.  The  divisions  of  the  nuclei  are 
represented  in  figm«s  1-S ;  one  of  the  longitudinal  transverse 
sections  is  shown  in  figure  9,  From  these  and  the  special  descrip- 
tion of  the  pktes  which  follows,  it  will  be  seen  that  the  nucleus  of 
the  nerve  to  the  saperioi  oblique  muscle  which  lies  below  tho  most 
inferior  part  of  the  nucleus  of  the  third  nerve  bears  the  same  rela- 
tion to  the  posterior  longitudinal  fasciculus  as  does  the  latter  nacleoa, 
but  is  always  to  be  distinguished  from  it  by  the  direction  taken  by 
its  root  fibres,  which  pass  outwards  and  backwards  along  the  border 
of  the  central  grey  matter  and  the  formatio  roticularis,  while  the 
rootlets  of  the  third  nerve  always  arise  from  its  anterior  (ventral) 
surface,  and  pass  at  once  directly  forwards. 

Comii^  to  the  nucleus  under  special  consideration,  we  diatingniah 
the  following  groups : — 

A.  An  anterior  group. 

B.  A  postero-extemal  group. 

C.  A  median  nudens. 

D.  A  posteio-intemal  nucleus. 

E.  A  superior  nucleus. 

A.  The  anterior  or  ventral  group,  which  extends  along  the  greater 
part  of  the  nucleus  (being  absent  only  at  its  extreme  upper  termina- 
tion), lies  in  relation  to  the  innermost  part  of  the  main  body  of  the 
posterior  longitudinal  fascicnlus,  and  bears  the  same  relation  to  it 
throughout.  It  is  distinctly  segmented,  and  may  be  divided  into 
an  inferior  mideua  (fig.  2,  III.  t'.n.),  characterised  by  the  absence  of 
commissural  fibres  between  the  two  sides,  and  a  main  nucleus, 
which  is  again  capabls  of  being  snbdivided  into  at  least  thrw  parts, 
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in  virtue  of  its  relation  to  the  median  nucIeuB.  Of  these  three,  the 
loieeri  {Gg.  3)  lies  helow  the  level  of  the  median  nncleoB,  and  has  a 
highly  developed  system  of  commisBOral  fibres;  the  intermediate 
(fig.  4,  and  fig.  5,  IIL  a.n.)  lies  at  the  same  level  as  the  median 
nnclens,  and  has  also,  at  least  in  its  lower  portion,  a  well-developed 
eoomdasaral  system;  while  the  uj^er  division  lies  at  a  higher  plane  - 
than  the  median  nucleua,  and  has  extremely  scanty  commissural 
connections  with  its  fellow  (figs.  6  and  7).  The  anterior  nacleus 
attains  its  laigest  dimensions  at  it^  lowest  extremity  (figs.  3  and  4), 
the  point  at  which  the  commissuTal  system  is  most  highly  developed. 
It  gndnally  diminishes  in  size  as  it  sscenda.  It  is  seen  on  longi- 
tudinal transverse  sectionB  to  be  imperfectly  segmented  from  what 
I  have  termed  the  inferior  nnclens ;  this  is  of  somewhat  smaller 
aiie  than  the  adjacent  portion  of  the  anterior  group.  The  upper 
extremity  of  the  nucleus  under  consideration  is  seen  to  fade  gradu- 
ally away,  ita  volume  and  the  number  of  cells  diminishing  almost 
paripaega.  It  terminates  altogether  at  a  alightly  lower  plane  than 
does  a  group  of  cells  to  be  afterwards  described  as  the  superior  or 
small-celled  nucleus. 

B.  The  postoro-lateral  group  is  formed  of  motor  cells  of  the  same 
size  and  type  as  those  of  the  anterior  group.  It  lies  on  the  posterior 
surface  of  the  longitudinal  faaciculuB,  near  its  outer  extremity.  Its 
length  is  considerahly  leas  than  that  of  the  anterior  group.  Below, 
it  begins  slightly  above  the  inferior  extremity  of  the  median  nucleus ; 
while  above,  it  is  replaced  by  the  superior  or  small-celled  nudeua 
It  b«^na,  below,  as  a  small  circular  group  of  nerve  cells,  distinctly 
separated  from  the  anterior  group  (fig.  5,  p.l.n.),  and  gradually 
increases  in  size  upwards,  attaining  its  maximum  near  its  upper 
extremity  (fig.  6,  p.l.n.).  I  have  given  the  name  of  extemai  nticleuti 
(fig.  5,  III.  l.ft.)  to  a  group  situated  extemai  to  the  middle  and 
upper  part  of  the  poatero-lateral  group,  partly  between,  and  partly 
outeide  the  longitudinal  fasciculus.  This  is  much  shorter  than  the 
poatero-lateral  nucleus,  lying  opposite  ite  middle  third. 

C.  The  median  nucleus  (%  4,  and  fig.  C,  m.n.)  lies  in  the  middle 
line  opposite  the  intermediate  portion  of  the  anterior  group.  Ite 
upper  portion  (fig.  5,  7n.n.)  has  the  shape  of  an  elongated  spindle 
tepering  anteriorly  to  a  sharp  point,  while  the  posterior  end  ia 
•omewhat  rounded.    A  line  drawn  transversely  between  the  centros 
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of  the  two  poeteTo-lateral  nuclei  will  peaa  tltrough  the  doissl  ex- 
tremity of  the  median  nnclene.  The  upper  portion  of  the  median 
nuclena  is  bounded  laterally  by  fine  medullated  fibres  which  sriee 
from  its  nerve  cells  and  pass  along  its  oater  Burfaee  forwaids  to 
ent«r,  partly,  the  root  of  the  nerve,  and  partly  the  posterior  longi- 
tndinal  fascicnlns.  It  is  also  connected  with  the  adjacent  portions 
of  the  anterior  group  by  a  fine  network  of  medullated  fibres.  The 
lower  part  of  the  median  nucleus  (fig.  4)  has  an  irregularly  circulAT 
ontline.     It  has  no  lateral  boundary  of  nerve  fibres. 

D.  The  postero-inteinal  or  pale  nucleus  (figs.  5,  6,  7,  9,  p.i.n.) 
presents  in  sections  of  the  adult  brain  which  have  been  stained  bj 
Weigert's  heematoxylin  a  remarkably  pale  appearance.  It  is 
wedged  in  between  the  median  and  postero-extemal  nuclei  (see  fi^ 
5,  p.i.n.),  but  extends  to  a  higher  level  than  the  former.  It  ter- 
minates above  by  a  large  duh^baped  head  (fig.  9,  fig.  1).  (This 
apparently  corresponds  to  the  medial  nucleus  of  Westphal.)  Its 
pallor  is  dae  to  the  comparative  absence  of  mednllated  fibres 
between,  and  the  large  lymph  spaces  which  surround,  the  nerv« 
cells  contained  in  it  These  cells  difier  from  those  of  the  othet 
group,  being  more  oval  or  rounded,  containing  large  spherical  nuclei 
haviog  fewer  proceasea,  and  staining  of  a  much  fainter  biown  by 
Weigert's  method. 

E.  The  superior  (or  email-celled  nucleoe  of  Dorkschewitsch)  lies 
at  the  extreme  upper  extremity  of  the  oculomotor  nucleus,  forming 
a  small  indefinitely  circumscribed  group  at  the  outer  margin  of  the 
posterior  longitudinal  bundle.  It  deserves  a  special  name  from  its 
distinct  segmentation  from  the  poateTo-lateral  group  and  from  the 
small  size  of  its  cells.  It  is  imbedded  among  the  fibrra  of  the  outer 
poriiion  of  the  posterior  longitudinal  fasciculus,  many  of  the  fibres 
of  which  evidently  terminate  in  its  cells,  and  it  forms  the  terminus 
of  many  of  the  fibres  of  the  posterior  commissure. 

.fioofe  of  the  Third  Nerve. — The  sections  tend  to  confirm  at  least 
partially  the  statements  of  Eahler  and  Pick  as  to  the  origins  of  the 
nerve.  The  roots  of  the  posteco-lsteral  and  external  group  of  nuclei 
form  the  most  external  fibres  of  the  nerve  as  it  passes  through  the 
t^:mentum.  They  constitute,  however,  the  upper  as  well  as  the 
lower  external  fibres.  The  anterior  nucleus  sends  its  roots  into  tho 
innermost  port  of  the  nerv^  while  fibres  from  the  median  and  tha 
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postoro-intenul  saclei  ester  tlie  innemiost  put  of  the  nerve  opposite 
the  upper  half  of  the  nacleus.  I  have  searched  in  vain  for  any 
docossatioii  of  the  roots  as  described  by  Yon  Gudden  in  the  labbit. 
While  it  is  certainly  preniature  to  express  any  positive  opinion  as 
to  the  functions  of  the  various  nuclei  described,  there  would  appear 
to  be  ground  (see  Westphal's  case,  loc.  eit.)  for  the  belief  that  the 
inferior,  anterior,  and  postero-Iateral  (including  external)  groups  of 
nuclei  are  connected  with  the  extrinsic  muscles  of  the  eyeball  and 
the  elevator  of  the  eyelids,  asd  that  the  median  and  the  postero- 
intemal  node!  are  the  centres  for  accommodation  and  contraction 
of  the  pupil.  If  the  view  of  £ahlei  and  Pick  be  correct,  Hien  the 
postero-Iateral  group  wiU  form  the  centres  for  the  sleTatoia,  while 
the  anterior  nucleus  will  be  connected  with  the  internal  rectus,  and 
the  inferior  nucleus  with  inferior  rectus.  With  regard  to  the  two 
eenttai  groups,  the  median  and  postero-intemal,  the  evidence  seems 
to  be  insufficient  for  the  view  which  would  place  the  accommodation 
centre  at  a  higher  level  than  that  for  the  contraction  of  the  pupil. 
The  urcumstance  that  a  nuclear  leeion  eeema  invariably  to  affect 
tiie  accommodation  of  both  eyes,  while  a  similar  lesion  may  un- 
doubtedly affect  the  sphincter  iridia  of  one  side  alone,  seems  best 
explained  by  the  view  that  the  accommodative  act  is  controlled 
from  one  centre,  while  there  are  two  centres  for  the  contraction  of 
the  pupiL  If  this  view  be  correct^  then  the  median  nucleus  may 
form  the  centre  for  accommodation  and  the  poBtero-intemal  necleus 
that  for  pupO-contraction.  In  this  reapeot  the  intimat«  relation  of 
position  of  the  median  nucleus  to  the  main  portion  of  the  anterior 
nucleus  (the  supposed  centres  for  the  associated  acts  of  accommoda- 
tion and  convergence)  is  of  interest. 

DBSOaiPTIOK   OP   Pl<&IB3. 

Rg.  1  shows  the  nndoi  (IV.  n.)  of  the  two  fourth  nerrss  lying  imbedded 
uaoDgBt  the  ontermoet  fibres  of  tbe  posterior  loDgitndiDal  fwcicalus  (p>  V-). 
Its  root  (IV.  T.)  is  distinguUilied  froni  tliat  of  the  third  nerve  by  pasiing  from 
the  postero-eitemtl  upeot  ontwarda  and  backwards,  along  the  anterior 
maigia  of  the  grey  mstter  surrounding  the  aqueduct  of  Sylvius.  From  the 
Inner  aspect  of  the  nuclei,  fibres  {Lf.)  pasa  invarda  and  forwards  to  enter  the 
bandies  of  the  posterior  longitadinBl  hscicnlas.  The  anterior  parts  of  the  tiro 
posterior  longitudinal  fascicali  meet  so  as  to  form  a  proceis  shaped  like  the 
etpi^  letter  U.  Into  the  anterior  surface  of  this  U-abaped  piocese  there 
enter  medolkted  fibres,  which  arise  appareDtl;  in  the  decosssdng  superior 
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cereballar  pedandea.  (The  level  of  the  eectioD  ie  at  the  decossBtioii  of  tiwse 
pednucleB.) 

Fig.  2.  Section  mode  almoat  immediately  above  the  preceding  one,  thnmgli 
tliB  loweat  portion  of  the  nucleua  of  tho  third  nerve.  The  inferior  eitremitj- 
of  the  nacleuB  (III.  i.n. )  is  seen  lying  apoD  the  doreal  aspect  of  the  poaUrior 
longitudinal  foecicnlns.  At  thia  level  none  of  the  root  fibrSB  are  visible,  bat 
on  the  inner  aspect  there  are  seen  fibrea  [i.o.f.)  passing  forwards  to  join  the 
anterior  fibree  of  the  posterior  loDgittidinal  fascicnlns.  The  two  sets  of 
anterior  Bbree  converge  towards  each  other  in  the  shape  of  the  letter  V.  They 
appear  Xa  be  genetically  different  frona  the  fibres  of  the  main  part  of  the 
Gucicnloa,  for  fine  medollated  Ebrea  pass  from  their  anterior  Biuface  acrose  the 
middle  line,  forwards,  to  disappear  either  in  the  superior  cerebellar  peduncle, 
or,  what  is  more  probable,  to  terminate  in  a  nuclens  eitusted  on  the  inner  side 
of  each  of  these  tracts,  or  perhaps  in  a  group  of  meduUated  fibres  Ijing  still 
nearer  the  anterior  surface.  (These  are  not  represented  in  the  drairing.)  At 
this  level  there  are  no  commissural  fibres  between  the  two  nuclei,  a  fact  which 
seems  to  warrant  our  separating  this  as  a  distinct  portion  of  the  nudeos,  the 
inferior  oculomotor  uucleuo. 

Fig.  3.  Section  is  mode  at  a  level  slightly  above  that  of  the  preceding 
through  that  part  of  the  nuclens  at  which  iutercomniissnTal  fibret  {t.f.  ]  begin 
to  appear.  An  oval-shaped  nucleus  lies  on  either  side  dorsoUy  to  the  posterior 
longitudinal  fasciculus.  Fine  fibres  form  a  rich  network  between  thetwonad^ 
A  large  group  of  medullated  fibres  {a.aj.)  originates  in  the  interior  of  the 
nndena  and  passes  inwards  and  forwards,  internally  to  the  T-shaped  portion 
of  the  posterior  longitudinal  fasciculus.  The  fibres  which  arise  from  the 
anterior  surface  of  this  V-shaped  portion  pass  forwards  to  the  opposite  side  in 
a  manner  similar  to  that  described  in  Plate  II.,  but  appeared  now  in  the  section 
from  which  the  drawing  voa  mode,  mther  to  end  in  a  group  of  fibres  imme- 
diately  anterior  and  internal  to  the  superior  cerebellar  peduncle.  (In  addidon 
to  these,  other  fibres  were  seen,  after  crossing  the  middle  liue,  to  bend  back- 
wards and  outwards  and  become  coatinaoos  with  the  fibres  known  as  the  deep 
fibres  of  the  corpora  quadrigemins.)  This  part  of  tbenndeiiB{III.  a.n.)  forms 
the  lower  part  of  the  anterior  group. 

Fig.  4.  The  section  ia  made  through  the  inferior  extremity  of  the  median 
nucleus  (III.  m.n.).  The  two  anterior  nuclei  still  continue  to  be  united  by 
intercommisBural  fibres.  The  anterior  nucleus  is  distinctly  iDcreased  in  size. 
It  forms  a  compact  oval -shaped  group  slightly  imbedded  in  the  posterior  longi- 
tudinal fasciculus.  Fibree  passing  from  its  inner  aspect  forwards  into  the 
V-ahaped  portion  of  the  fasciculus  are  still  well  seen.  In  the  median  line, 
dorsal  to  the  intercommissoral  fibres,  ia  the  lower  extremity  of  the  median 
nuclens  (III.  ni.n.).  At  this  levd  it  has  a  very  indefinite  form  and  outline, 
and  the  cells  ore  interspersed  by  a  fine  net-work  of  medallated  fibres.  Among 
the  fibt«s  of  the  enter  portion  of  the  poeterior  longitudinal  ftscicnlns,  motor 
cells  are  scattered  in  such  nnmbera  as  to  deserve  a  special  name.  I  have 
accordingly  termed  these  the  external  nucleus  (III.  e.n.).  The  poeterior 
longitudinal  fkaciculas,  both  in  its  posterior  or  oblique  and  in  its  anterior  or 
T-shsped  portion,  shows  a  notable  increase  in  the  nnmber  of  its  fibres.  Part 
of  this  is  due  to  fibres  entering  its  anterior  aspect  from  the  various  sources 
already  iodicated,  but  more  markedly  to  the  iucresse  of  connections  with  the 
higher  levels  of  nucleua  on  the  same  side.  The  condition  of  the  vsacolor 
supply  of  the  nucleua  in  the  section  from  which  the  drawing  was  made  ia  of 
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iaterat.  One  ttterj  nn  cloaa  to  the  raediui  plane  frotu  before  bsckwardi  into 
tlw  inediai)  naclens,  ivhile  another,  placed  htterall;  to  the  above,  ran  to  each 
of  the  anterior  Dodei.  Thia  appearance  ia  not  shewD  in  the  drawing,  oning  to 
went  of  space. 

Fig.  fi.  The  section  is  made  throogh  the  centre  of  the  median  nuclens 
(ai.li.).  Thia  u  eeen  to  occupy  the  median  plane,  and  to  have  the  shape  of 
a  long  apindle  tapering  more  gradnally  towards  its  posterior  than  towards 
its  anterior  eitremity.  It  has  on  either  side  a  handle  of  mednllated  fibres 
ariaisg  among  its  cells  and  mnning  forwards  towards  the  V.ahaped  portion 
of  the  posterior  longitadinal  ftsciculna.  Some  of  these  fibres  evideotl;  arise 
Uma  this  latter  stmcture,  while  others  as  certain!;  pass  through  it  and  enlw 
into  the  inoerniMt  root  Sbres  of  the  nerve.  The  anterior  nucleus  (111.  a.n.) 
is  seen  lying  upon  the  posterior  eniface  of  the  innermost  three-fourths  of  the 
posterior  longitudinal  fasciculus.  Behind  the  anterior  group  lies  a  second 
smaller  almost  circular  group  of  nerve  cells,  the  postero-eitemal  (III.  p.e.n.), 
of  a  similar  shape  and  size.  This  lies  behind  the  onternioBt  fourth  of 
the  posterior  longitadiiial  fasciculus.  From  its  anterior  sarface  a  bundle 
of  fibres  passM  inwards  and  forwards  between  the  median  nncleas  and  the 
anteriw  gronp,  iDMunating  itself  between  the  lateral  fibres  of  the  median 
noalens  uid  fibres  arising  ^m  the  iutecnal  surface  of  the  aDterior  group. 
MMrt  of  these  fibres  from  the  poetero-eitemal  nnclens  seero  to  terminate  in 
the  T-shaped  portion  of  the  posterior  longitDdinal  fasciculus  of  the  same  side. 
It  is  possible  that  some  of  them  may  join  the  innermoet  root  fibres  of  the 
tiiird  nerve,  bat  it  is  certain  that  none  of  them  cross  the  middle  line  to  enter 
the  nerve  of  the  oppoeite  side.  The  root  fibres  from  this  nuclens  pass  through 
the  underlying  portions  of  the  posterior  longitudinal  fasciculus  and  enter  the 
oatermoet  part  of  the  nerve.  A  small  group  of  nerve  cells  (eitemal  nttcleos, 
CIS.)  lies  on  the  outer  side  of  the  posterior  part  of  the  posterior  longitudinal 
bacicnlns.  In  the  wedge-shaped  space,  left  between  the  posterior  part  of  the 
median  nnclens  on  the  inoer  siiie  and  the  posterior  nucleus  with  its  ventral 
fibres  on  the  outer,  lies  a  large  nucleus  (p.i.n.),  to  which  I  have  given  the  name 
ot  the  postero-iutemal  or  pale  nucleus.  It  is  characterised  by  its  cells  being 
(1)  considerahly  smaller  than  those  of  the  lateral  groups,  (2)  staining  lees 
intensely  by  Weigert's  method,  (3)  by  the  cells  being  surrounded  by  large 
Ijtnph  epaoes,  and  (ij  by  their  having  a  comparatively  slight  intercellular 
network  of  meddlated  fibres.  The  external  nucleus  (III.  t.n.)  is  seen  as  a 
small  neuly  circular  gronp  of  cells  partly  imbedded  and  partly  external  to  the 
ontannoat  portion  of  posterior  longitndinal  fasciculus  (p.l.f.). 

Fig.  6.  A  vertical  transveiae  section  made  alwve  the  level  of  the  median 
nuclens.  The  anterior  nucleus  (III.  a.7t.)iBgreatly  reduced  in  size,  being  rather 
len  than  half  the  size  of  the  same  nucleus  in  fig.  6.  The  number  of  the  cells 
contained  in  it  is  diminished  in  a  much  higher  proportion.  The  poetero-eitemal 
nnclens,  on  the  other  band,  is  slightly  increased  in  size.  It  maintains  the  same 
relationship  to  the  posterior  longitudinal  faaciculua  as  in  the  previous  section. 
The  two  poetero-intemal  or  pale  nuclei  (ji.n.)  have  the  form  of  long  spindles  or 
ovoids,  and  are  separated  from  each  other  hy  an  interval  about  a  third  of  their 
width.  The  nucleua  and  its  cells  present  the  same  distinctive  characteristics 
aa  have  been  described  under  fig.  5.  Fine  mednllated  fibres  pass  from  the 
anterior  aspect  of  the  three  groups  of  nuclei  towards  the  innermost  portioDs  of 
the  posterior  longitudinal  fasciculus.  Some  undoubtedly  enter  the  roots  of 
the  nerve,  otben  become  connected  with  the  (ucicnlas. 
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Pig.  7.  Terttol  tnnsTem  aection  thrcmgh  the  lower  extremity  of  the  •operior 
nucleus  (III.  s.n.)  or  "small-celled  nocleua  "  of  DarkBchewitetdi,  the  iipp«r 
-part  of  the  pale  nnclem  (III.  p.(.n~],  sad.  of  the  anterioF  nucleus  (III.  B.B.). 
The  anterior  nucleus  (III.  a.n.),  atilL  futher  reduced  in  sixe,  lies  internal  to 
the  BDterioi  pert  of  the  poaterior  lengitndiDal  bscicolui.  Behind  and  partly 
intemal  to  the  aDterior  nncleos  is  seen  the  pale  nucleus  {ja.-iM. ),  in  a  poaitiDD 
corresponding  to  that  described  in  the  previons  sectjon.  It  ia  of  aomewhat 
larger  rizo,  bnt  its  component  eelhi  show  otherwise  aimilBr  appeanncee. 
The  upper  nucleus  (II.  a.n.)  lies  Imbedded  amongst  the  moat  posterior  Gbrea 
of  the  posterior  lougitudiDsl  fssciiniluB.  It  ia  somewhat  oToid  in  shape,  tbe 
cells  are  distinctly  smaller  than  thoaa  of  the  poaterior  nucleus,  uid  there  is  a 
Bomeirhat  dense  outer  cellular  network  of  medullated  fibres.  The  (toiterior 
longitudinal  hsdculus  ia  considerably  reduced  in  edse   compared  with  figa.  S 

Fig.  B.  Tranaverse  sectjou  throagh  the  superior  naclen  (III.  rn.)  p.l^., 
the  posterior  loni^tDdinal  foscicnlas  greatly  reduced  in  size;  p.e.,  the 
posterior  commisaure  passing  forwards  to  terminate  (partly)  in  the  smaU^-eelled 
nnolens. 

Fig.  S.  Longitudinal  section  through  the  III.  nncleos.  III.  ^t.n.,  tiw 
postero-intemal  nncleos.  Its  cinb  shape  and  its  pallor  are  well  represented— 
the  large  head  above  the  narrower  part  below.  p.l^.  posterior  longitudinal 
fasciculus  ;  p.t.n.,  the  postero-eitemal  (and  prohably  partly  anterior)  nucleus; 
III.  vent.,  diird  Tentricnle. 


On  the  Nature  of  a  Volnntai?  Mtieoular  Movement    By 
John  Berry  Hayoraft,  MID.,  D.Sc. 
{Ftdia  iht  Fkynoio^eal  Laborviory  qf  tlft  CTsitwrnfy  ^  Edii)ini.TgJi.) 
(Bead  January  20,  1880.) 
{AbatratA.") 
UiatoIogiBto  have  long  Eigo  demauBtrated  that  a  ihubcIq  is  not  a 
simple  histological  unit,  and  that  it  consieta  of  inuamerable  muscle 
fibies  associated  together  in  fasciculi,  each  muscle  fibre  being  broo^t 
into  individual  relatioDship  with  the  central  nerrous  system  by  its 
own  fibre.    Physiologiets  hare  been  too  apt  to  overlook  this  fact, 
and  have  regarded  a  moscle  &e  a  simple  indivisible  phydological 
unit     When  a  muscle  or  its  nerve  ate  stimulated  by  an  instantaneous 
electrical  shock  aU  the  fibres  contract  together,  for  they  are  tJI 
stimulated  in  the  same  vay,  and  at  the  same  time.    This  is  not  the 
case,  according  to  the  investigations  of  the  author,  when  the  muscle 
contracts  reflexly  or  voluntarily,  and  especially  during  any  pro- 
longed contraction.    The  individual  fibres  aie  then  never  completely 
co-ordinated  together,  and  vaiy  constantly  in  their  "pulL"    They 
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ate  like  a  body  of  men  piQling  on  a  rope  vhere  perfect  and  pro- 
longed co-ordination  is  impoBeible.  Tbe  proof  of  tbie  ia  obtained 
by  the  use  of  very  delicate  leven  attached  to  diflerent  parts 
(fascicnli)  of  tbe  same  mnscle.  Tvo  leveie  attached  in  this  vay  to 
a  mnecle  always  give  slightly  different  ourrea,  evidence  of  individn- 
alitj  being  very  apparent.  Experimente  irere  conducted  both  upon 
the  human  masaeter  mnscle  and  upon  the  gastiocnenuns  of  a  frog, 
and  in  each  case  the  carves  obtained  by  the  two  levers  corteepond- 
iog  in  the  main  always  differed  in  detail. 

It  appears  that  the  fibres  ranning  in  a  fasciculus  are  mora  co- 
ordinated together  than  those  ranning  in  different  fasciculi,  and 
the  following  experiment  shows  that  the  nerve  fibres  pasdng  from 
muscle  fibres  within  a  fascicnloe  nm  together  towards  the  central 
nervous  system  in  close  relationship  within  the  nerve  trunk. 
Make  a  nerve  muscle  praporatiou  from  a  frog,  and  apply  a  tiny 
drop  of  strong  salt  solution  to  one  spot  on  the  side  of  the  sdatio 
nerve.  After  a  minute  or  so  the  fibres  within  one  faecicoluB  will 
twitch,  then  those  within  another,  and  eo  on  nutO  the  whole  muscle 
twitches.  This  is  no  doubt  due  to  the  gradual  invaeion  of  the 
nerve  by  the  salt  aolntian,  the  nerve  fibres  lying  together,  and 
therefore  stimulated  together,  all  passing  to  tlie  same  fasciculus. 

Inasmuch,  therefore,  as  during  a  voluntary  contraction  fosdcnlar 
movements  are  always  going  on,  it  may  be  that  we  have  not  to  look 
any  further  for  the  cause  of  the  mnscle  sound.  This,  as  Hehnhottz 
has  shown  in  an  ear  resonance  sound,  would  be  bound  to  be  set 
up  by  such  movements,  whether  occurring  aperiodically  or  at  any 
alow  period  of  theii  own.  Krooecker,  Sohafer,  Hoisley,  v.  Kries, 
Landois,  and  others  have  figured  tracings  taken  by  levere  and 
tamboure  of  muscles  contracting  under  the  influence  of  the  will. 
These  tracings  always  show  snperimposed  upon  the  main  curve  tiny, 
almost  periodic,  oscillations.  These  observers  have  considered  the 
oscillations  to  Indicate  that  the  mnscle  as  a  whole  ia  in  incomplete 
tetanns  during  voluntary  contraction,  due  to  its  receiving  a  series 
of  nerve  impulses  breaking  one  after  the  other  into  it.  The 
oedllations  are  due,  however,  to  an  entirely  different  cause.  They 
are  in  reality  the  oscillations  proper  to  the  recording  instrument 
which  ia  kept  oscillating  by  the  aperiodic  fasdcniar  movements  due 
to  want  of  co-ordination.    Granted  such  movements,  which  th« 
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anthor  faaa  Ghovn  to  occur,  the  lecording  appaiatuB  mugt  a  priori  be 
kept  in  oecillation  at  its  own  period,  just  ae  a  swing  will  be  kept 
Bvinging  when  even  occasional  poshea  are  given.  The  complete 
demonstiatiou  of  this  truth  is  obtained  bf  changing  the  record- 
ing apparatus,  when  not  only  will  the  oscillatione  be  changed, 
but  they  will  be  found  to  correspond  with  the  period  of  the  in- 
Btrament  need  in  every  case.  This  period  can  be  obtained  by 
tapping  the  inBtniment,  and  causing  it  to  record  its  own  osdlla- 
tions.  Loven  has  obtained  variations  in  the  electromotive  force 
of  a  muBcle  during  voluntary  contraction ;  these  variations  are 
described  as  periodic,  and  are  believed  to  anpport  the  view  held  as 
to  the  interrupted  nature  of  tbe  nerve  impulses  pasung  to  a  muscle. 
His  reaultB  differ  from  those  of  other  observera  in  respect  to  tbe 
period  of  his  variations,  and  probably  hie  results  aro  due  to  the 
period  of  the  electrometer  he  used. 

If  then  the  muscle  sound,  the  teeults  obtained  by  Loven,  and  tho 
tracings  obtained  by  the  use  of  levers,  can  all  be  explained  by  the 
fact  that  the  fasciculi  within  a  muscle  are  not  completely  co-ordinated, 
there  remains  no  proof  that  a  voluntary  muscular  contiaction  ia  of 
the  nature  of  a  tetanus. 

Musoular  Contraction  following  rapid  Electrioal  Stimula- 
tion of  Central  Nervous  System.      By  John  Berry 
Hayorsft,  M.D.,  D.Sc 
( jVon  At  PKy*i«hgieal  LahortUvry  ^  lAe  UnivertUy  of  BUtAvrgK. ) 

(Bead  Felimuy  28,  ISSO.) 

Kronecker,  Hall,  Schafer,  Hoisley,  and  others  have  found,  when 
stimulating  tbe  spioal  cord  with  rapid  induced  curreuta  (ten,  twenty, 
thirty,  forty  times  per  second),  that  the  mueclee  always  responded 
by  giving  a  curve  showing  oscillations  of  one  invariable  period,  no 
matter  what  the  period  of  the  stimulation  may  have  been.  With 
rapid  stimulatioD,  the  muacles  in  the  hands  of  the  Siat  named 
observers  gave  oscillationB  of  twenty  a  second,  in  the  hands  of  tho 
latter  observers  of  ten  a  second.  These  results  are  to  be  explained 
in  the  following  way.     When  the  central  nervous  system  is  stimo- 
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Utod,  the  mnsclea  contract  but  never  smoothly,  for  local  faecicukr 
movemea^  aa  the  author  haa  elsewhere  shown,  always  occurring. 
These  caose  the  registering  apparatus  to  oscillate  at  its  own  period, 
just  as  any  awinging  body  may  be  kept  in  motion  by  occasional 
disturbances.  We  can  thus  explain  how  each  observer  obtained 
the  same  number  of  oscillationfl  every  time  he  stimulated  Uie 
nervoas  system ;  it  was  because  he  used  the  same  recording 
apparatus  each  time.  We  can  also  see  that  the  different  periods 
observed  by  different  observers  are  due  to  the  fact  that  tiiey  each 
naed  a  different  recording  apparatus.  The  author  finds  that  on 
changing  the  recording  apparatus  (lever  oi  tambour)  the  tracing 
obtained  can  be  changed  at  will,  and  is  practically  a  tracing  of  the 
oscillating  period  of  the  instrument  used. 

On  one  occasion  the  author  was  stimolating  the  upper  dorsal 
ra^n  of  the  cord  of  a  rabbit  thirty  times  a  second,  and  was  surprised 
to  find  that,  in  addition  to  the  main  oscillations  of  the  tambour  jnst 
described,  there  were  finer  oscillations  at  the  rate  of  thirty  a  second. 
These  disappeared  on  ohangiiig  the  tambooi  or  on  slowing  the 
electrical  interniptor,  or  on  quickening  its  speed.  They  were  evi- 
dently due  to  the  tamboui  having  some  higher  overtone  of  thirty  a 
second  at  which  it  could  oscillate ;  why  other  observers  had  failed 
to  obtain  responses  from  the  muscles  synchronous  with  their  stimu- 
lation period  was  because  their  levers  and  tambours  were  unable  to 
respond.  While  the  author  was  unable  to  obtain  curves  showing 
a  higher  period  than  thirty  a  second,  yet  the  stethoscope  furnished 
evidence  that  changes  go  on  within  a  muscle  synchronous  with  stimuli 
applied  at  a  much  greater  rate  than  thirty  a  second.  When  the  cord 
or  peduncles  are  stimulated  one  or  two  hundred  times  a  second,  the 
muscles  respond  by  giving  a  note  of  exactly  ihe  same  pitch. 

The  ear  gives  better  evidence  of  the  nature  of  the  muscular 
response  than  do  such  r^t«ring  apparatus  as  tambours  and  levers. 
Nevertheless,  if  one  is  fortunate  enough  to  get  a  tambour  which  has 
itself  some  period  corresponding  to  the  period  of  stimulation,  it  is 
quite  capable  of  registering  the  effects  which  follow  stimuli  applied 
twenty  or  thirty  times  a  second.  If  the  tambours  do  not  respond 
in  the  way  indicated,  they  merely  oscillate  at  their  own  slowest 
period.  The  oecillationa  are  kept  np  in  this  case  not  only  by  such 
of  the  motions  of  the  mnsde,  trembling  at  a  quicker  rate,  as  can 
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compound  thonuelves  vritli  the  period  of  tbe  lever,  bat  also  bj  the 
fiucicnlar  motions  whicli  always  occm  during  a  muscular  craitnc- 
tios,  and  vtucb  have  been  elsewbere  deactibed  by  the  author. 

Syntheaia  of  Sebaoio  Aoid.     By  Prof.  Orttm  Brown 
and  Dt  Jamee  Walker. 
(Btiad  Uay  19,  16B0.) 
{AhOract.) 
PotsBsium  ethyl  adipate  wob  prepared  bj  adding  the  calcnlated 
quantity  of  alcoholic  potash  to  an  alcoholic  solution  of  adipic  ether, 
and  boiling.    After  die  alcohol  had  been  driven  off  on  the  water- 
bath,  the  residue,  when  shaken  np  with  water  and  ether,  yielded  an 
aqueons  solution  which  after  concentaration  was  used  for  electrolysis. 
The  electrolysis  was  conducted  in  precisdy  the  same  manner  as 
in  onr  former  syntheses.*    A  colourless  oil  was  obseTved  to  collect 
on  the  top  of  the  solution.     After  completion  of  the  electrolysis,  the 
contents  of  the  crucible  used  as  cathode  were  extracted  by  ether, 
which  was  subsequently  distilled  off  and  the  residual  oil  kept  for 
some  hours  at  120°.    Wlien  hot  this  oil  smells  of  melted  butter,  bnt 
on  cooling  the  fatty  odour  disappears,  a  very  slight  smell  resembling 
melons  being  left     The  boiling-point  of  the  oil  is  307°  (uncoir.). 
Analyus  yielded  the  following  results  :— 

-1452  gr.  substance  gave  -3470  gr.  CO, 
and  1329  gr.  HjO 
FoQiid.  Calculated  for  CuHmO^ 

C  6518%  65-12% 

H  10-16  10-08 

The  substance  has  thus  the  composition  of  sebacic  ether. 
A  portion  of  it  was  saponified  by  means  of  alcoholic  potadi,  the 
potassium  salt  separating  out  on  boiling.    The  acid  obtained  from 
this  salt  by  precipitation  with  hydrochloric  acid  was  found  to  melt 
at  128° — the  melting  point  of  sebacic  acid. 

A  weighed  portion  of  the  potassium  salt  was  ignited,  and  gave 
the  following  numbers : — 

-3662  gr.  salt  gave  -1808  gr.  K,CO, 

Found.  CalcuUted  tor  C„H,AKr 

K  27-88  %  28'06  % 

■  Pne.  Soy.  3oc  Edin.,  lSS»-»0,  p.  El. 
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On  the  Relation  of  Optical  Aativity  to  the  Character  of 
the  Badioalfl  nnited  to  the  ABymmetrio  Carbon  Atom. 
By  Prof eesor  Cram  Brown. 

(find  June  2,  1890.) 

It  it  obrioos  that  the  amount  of  the  optical  activity  of  a  given 
oomponnd  containing  an  aaynunetiio  atom  of  carbon  depends  upon 
the  amount  of  difference  in  chanoter  among  the  four  radicals  united 
to  the  Bsymmetrio  carbon  atom,  bo  that  if  two  of  them  are  very 
□eariy  etjual  we  oome  very  near  to  a  compound  of  a  eymmetrio 
carbon  atom,  in  which  the  optical  activity  is  zero.  The  qneation 
fluggestfl  itself  How  are  we  to  meaenre  this  diSeieoce  of  charactei  1 
We  ihall  aaeume  Quit  there  is  a  function,  capable  of  numerical 
repieseatation,  derivable  from  the  compodtiou  and  constitution  of 
the  radical  and  the  tempenture  of  the  substance,  and  that  it  ia  the 
difference  between  the  values  of  this  function  in  the  case  of  two 
radicals  which  gives  ns  the  difference  of  chaiacter  referred  to.  For 
the  sake  of  brevity,  we  may  call  this  function  the  k  of  the  radiosL 
The  oligeet  of  this  paper  is  to  show  that,  if  there  be  such  a  function, 
there  an  methods  by  means  of  which  we  may  hope  to  ascertain  its 
value  in  each  case. 

Let  OB  represent  the  compound  by  the  formula  (C)ABrA,  in 
which  (C)  represents  the  asymmetric  carbon  atom,  and  A,  B,  T,  A 
the  radicals  united  to  it  arranged  in  order  of  ihs  mdveg  of  k.  Kow 
these  radicals  may  be  united  to  the  asymmetric  carbon  atom  in  either 

A ^B     B .A 


of  two  ways.  One  of  these  ways — we  have  as  yet  no  means  of 
gnessing  which — corresponds  to  right-banded  rotation,  the  other  to 
left-handed  rotation.     The  one  form  con  be  changed  into  the  other 
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by  interchanging  the  poiitions  of  any  two  of  the  radicals.  Now  we 
cannot  directly  iutercliange  the  positions  of  two  ladicalB  by  any 
method  such  that  we  can  be  sure  wbich  radicals  have  been  inter- 
changed, bnt  we  can  act  upon  one  radical  so  as  to  increase  or  diminish 
its  K,  and  if,  for  example,  the  «  of  B  is  increased  eo  as  to  be  greater 
than  that  of  A,  we  have  now  a  new  compound,  (C)A,B,rjAj, 
in  which  A,  is  the  modified  B,  and  Bj,  Tj,  \  am  the  original 
A,  r,  A  respectively.  But  we  see  that  we  have  changed  the  order  in 
which  the  radicals  (arranged  in  order  of  values  of  k)  are  united  to  the 
asymmetric  carbon  atom.  If  the  original  compoimd  is  represented 
by  (I)  in  the  figure  above,  the  new  compound  corresponds  to  (2). 
If  therefore  the  original  compound  were  right-handed,  the  new  one 
will  be  left-handed,  and  mce  vend.  The  change  of  sense  of  rotation 
is  thus  an  indication  that  a  change  has  been  effected  in  the  value  of 
the  K  of  a  radical  such  as  to  change  the  order  of  the  radicals. 

We  do  not  know  very  many  cases  of  such  change,  but  we  know 
enough  to  illustrate  the  foregoing.  In  right-handed  tartaric  add 
there  are  two  asymmetric  carbon  atoms,  but  as  these  are  perfectly 
similar  in  all  respects  we  need  only  look  at  on&  This  is  then  our 
(C),  and  our  A,  B,  r,  A,  are  (arranging  them  provisionaUy  in  order 
of  mass)  -CH(OH)— CO— OH,  -CO— OH,  -OH,  and  -H.  By 
treatment  with  acetyl  chloride,  tartaric  acid  is  converted  into  diacetyl- 
tartaric  acid.  Here  the  radicals  are  (preserving  the  order  of  anion 
to  the  asymmetric  carbon  atom)  -CH(0— CO— CHj)— CO—OH, 
-CO— OH,  -0— 00— CHj,  and  -H.  Now  the  diacetyl-tartaric  acid 
from  right-handed  tartaric  acid  is  left-handed.  We  shall  assume 
that  addition  to  a  radical  increases  the  value  of  k,  and  that  there- 
fore the  K  of  -CO— OH  is  greater  than  that  of  -OH,  and  that  k  is 
increased  when  -OH  is  converted  into  -0 — CO— CHj;  making  these 
assumptions,  vre  find  then  that  the  k  of  -0 — CO — CHg  is  greater 
thanthatof-OO — OH.  Again,  wecan  convert  right-handed  tartaric 
acid  into  its  ethyl  ether.  Here^  preserving  the  old  order,  we  have 
the  radicals -CH(OH)— CO— O-CjHs, -CO— 0—CjHs,  -OH,  and 
-H.  This  ether  is  right-handed.  From  it,  by  the  action  of  acetyl 
chloride,  we  can  obtain  diethyl  diacetyl-tartrata  Here  we  have 
the  radicaU  -CH(0— CO— CHg)— CO— O— CiiHj,-CO— O— CjEj, 
-O — CO — CHg,  and  -H.  This  ether  is  also  rigbtr-handed,  but  only 
to  a  small  extent    We  thus  see  that  the  k  of  -0— CO— CH,  is  less 
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than  that  of  -CO— O— CjHj,  but  not  much  less.  Take  now  the 
case  of  dimethyl  tartrate.  This,  like  the  acid,  is  light-handed,  but 
jielda  with  acetyl  chloride  a  etrongly  left-handed  dimethyl  diacetyl- 
tutnte.  From  thia  we  gather  that  the  k  of  -O— CO — CH^  is 
greater  than  that  of  -CO — O— CH^  although  the  two  radicals  are 
isomeric. 

Jjet  us  now  consider  the  caae  of  aspaiaguie.  We  do  not  know 
which  of  the  twoformul»  HO— CO— CHj— CH(NHj)— CO— NH^, 
and  HO— CO— CH(NH,)— CHj— CO— NHj  is  that  of  aaparagine; 
we  shall  here  use  the  latter.*  In  potash  solatLon  this  becomes 
K— 0— CO— CH{NHj)— CHj— CO— NH^  if  there  were  no  dis- 
sociation of  the  ions.  Similarly  in  hydrochloric  acid  solution  it 
becomes  H— 0— CO— CH(NH8C1)— CH,— CO— NHj,  also  if 
there  were  no  diesociation  of  the  ions.  Here  of  the  two  radicals 
-CO — OH  and  -NHj  the  one  is  increased  by  dissolving  the  substance 
in  potash,  the  other  by  dissolTing  it  in  hydrochloric  acid ;  and  (as 
is  well  known)  aspaiagine  rotates  to  the  left  in  alkaline,  and  to  the 
right  in  acid  solution.    The  caae  of  aspartic  acid  is  quite  similar. 

Another  case  which  has  been  pretty  folly  investigated  is  that  of 
active  amyl  alcohol  and  its  derivatives.t  Active  amyl  alcohol  has  the 
constitution  CH(G,HJ(CHb)(CH30H)  ;  it  is  left-handed,  as  is  also, 
to  nearly  the  same  extent,  the  corresponding  amylaminei  But  the 
other  derivatives,  in  which  the  fourth  radical  in  our  formula  is  in- 
creased (as  the  bromide,  CH(CjHj)(CHg)(CH,Br),  the  hydrochloride 
of  the  amylamine,  and  still  more  the  di-  and  tri-amylamines),  are 
right-banded.  From  all  of  which  we  may  conclude  that  the  k  of 
-CEjOH  is  less  than  that  of  -C^^  and  greater  than  that  of  -CH^; 
that  the  K  of  -CH,OH  is  very  nearly  equal  to  that  of  -^CHjNHj, 
that  the  k  of  -CH^  is  greater  than  that  of  -C,H,. 

Active  lactic  acid  and  its  salts  have  been  e^uuninod  in  reference  to 
their  optical  activity  by  Wislicenus.}  He  finds  that  active  lactic 
acid  rotates  in  the  opposite  sense  frc«n  its  salts — this  wonld  mean 
that  the  K  of  -GOOH  is  less  than  ^t  of  -CH„  so  tliat  the  in- 

*  I  nae  these  formnbe,  and  not  those  la  which  ssparagine  is  Tepresented  u 
a  nit,  b«oaase  I  am  here  detUng  only  with  upuagine  in  Blkaliue  or  acid 
iolntioD. 

+  See  Plimptoa,  Chan.  Soe.  Jour.,  izeIi.  SR2;  and  Jnst,  JAAri^a  ^nn., 
ocix.  146. 

X  JAebifft  Aim.,  clxviL  302. 
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crease  of  the  k  of  -COOH  b;  ite  change  into  -COOK  brings  it 
above  the  k  of  -CUg,  and  chai^^  the  order  of  the  mdicala.     If  this 
H  H  0 

be  BO,  then  of  the  three  radicals  — C— H ,  — C— O— H ,  — C— OH , 

k       i 

the  K.  ie  greatest  in  the  second  and  leaat  in  the  third,  so  that  the  re- 
placement of  H  by  OH  raises  the  value  of  r,  the  replacement  of 
Hj  by  O  lowers  it,  and  lowera  it  more  than  the  replacement  of  H  by 
OH  raieeait. 

There  is  one  set  of  cases  to  which  we  cannot  as  yet  apply  the 
method ;  viz.,  where  the  aaymmetric  carbon  atom  forms  part  of  a 
ring,  ae  in  diacetyl-tartaric  anhydride,  asparagine  (if  we  regard  it  as 
a  salt  with  twice  tiie  formula  given  above),  camphor,  kc. 

Of  course  we  cannot  as  yet  even  approximate  to  a  formula  for  the 
amount  of  rotation  in  terms  of  the  four  k'b  and  temperature,  but  as 
the  rotation  becomes  zero  when  any  two  k's  become  eqnal  we  may 
presume  that  it  contains  the  product  of  the  differences  of  tbe  «*& 

The  first  thing  to  be  done  with  this  speculation  is  to  find  whether 
K  is  really  a  function  of  the  composition  and  couBtitutton  of  the 
radical  and  of  the  temperature  of  the  substance,  or  varies  with  the 
character  of  the  other  three  radicab.  This  will  require  the  prepara- 
tion and  careful  examination  of  many  active  substances  and  their 
derivatives. 

June  SI,  1B>0. 
Since  the  paper  of  which  the  above  ia  an  abstract  was  read  to  the 
Society  I  have  seen  a  note  on  the  same  subject  by  Mr  Philippe  A. 
Quye,  published  in  the  Compies  Rendvt  for  Uaich  31st  of  this  year. 
There  ia  a  good  deal  common  to  Mr  Guye's  view  and  mine,  and  I 
take  this  opportunity  of  acknowledging  hia  priori^  in  the  points 
which  are  common. 

The  chief  difierence  is  that  Mr  Gnye  regards  tbe  vuut  of  each 
radical  and  the  distance  of  its  centre  of  gravity  from  the  centre  of 
figure  of  the  tetrahedron  as  all  that  has  to  be  considered  as  deter- 
mining the  amount  of  asymmetry,  whereas  I  sappoae  k  to  be  a 
function  of  the  compoaition  and  constitution  of  the  radical,  not 
necessarily  proportional  to  the  mass  and  the  distance  of  the  centre 
of  gravity  from  the  centre  of  the  tetrahedron,  so  that,  for  example 
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the  leplacement  of  Hj  by  0  dimimahea  k  alUioagfa  it  increases  the 
inaaB  of  the  ndicaL 


On  the  Hean  Level  of  the  SurftMse  of  the  Solid  Earth, 
fi;  Hugh  Robert  Mill,  D.Sc. 

(Bead  Jnne  2,  ISBO.) 

In  a  papet  "  On  the  Height  of  the  Land  and  the  Depth  of  the 
Oeean,"  lead  to  the  Society  on  19th  December  1887,  and  published 
in  the  Scottith  Qtographieal  Moffiaine,  toI.  iv.  pp.  1-41,  Dr  John 
Mom;  givee  a  very  detailed  eatimate  of  the  Tolumee  of  oceanic 
hollows  and  continental  protuberances.  I  have  recently  had  reconise 
to  Dr  Murray's  calculations  in  oider  to  determine  the  position  of 
tlte  contour-line  which  should  separate  the  portions  of  the  solid 
earth  above  the  general  level  of  the  surface  from  those  below  that 
level  The  results  of  thia  determination  were  published  in  the 
SeotliAOeogn^hiealMagaxi7is,roiyi.pp.lB2-l&7;  butsiucethen 
the  theoretical  importance  of  the  particular  contour-line  in  question 
has  induced  me  to  give  further  consideration  to  the  subject 

The  term  "  lithoephere  "  has  been  applied  to  the  solid  part  of  the 
earth,  and  "  hydroephera  "  to  the  oceans  collectively,  corresponding 
etymologically  with  "  atmoephere  "  by  which  the  gaseous  envelope  is 
fanuliarly  known.  If  the  lithosphere  were  smooth  and  the  earth  at 
rest,  it  wonld  be  entirely  and  uniformly  covered  by  the  hydrosphere. 
The  amount  of  dry  land  emergent  above  the  surEaoe  of  the  hydro- 
sphere depends  in  the  first  instance  on  the  configuration  of  the 
lithosphere,  in  the  second  on  the  volnme  of  the  hydrosphere. 

The  snrface  of  the  hydrosphere  is  usually  adopted  as  the  atandard 
level  from  which  heights  and  depths  are  estimated;  theoretically 
this  ia  un  satisfactory,  on  account  of  the  distortion  of  snrface  caused 
by  the  gavitational  attraction  of  the  ridgee  on  the  lithosphere.  The 
only  perfect  reference  surfoce  is  that  of  the  geoid,  or  smooth  fignre 
which  would  leenlt  if  the  ridges  of  the  lithosphere  were  laid  to  rest 
in  the  hollows.  In  order  to  arrive  at  this  mean  level  of  the  litho- 
sphere {shortly  mean-sphere  level),  the  requisite  data  an  the 
volumes  of  the  hydrosphere  and  of  the  emergent  land,  together  with 
the  areas  occupied  by  each.    From  calculations  given  at  length  in 
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tlte  paper  alieadj  cited,  I  was  led  to  fix  the  position  of  mean-sphere 
level  at  aboat  1400  fathoms  below  Bea-level;  that  is  to  say,  nearly 
midway  on  the  vaiy  steep  descent  which  everywhere  separates  the 
comparatively  flat-topped  world-ridgea  from  the  still  flatter-bottomed 
world-hollowa.  My  friend  Mr  J.  G,  Bartholomew  has  drawn  my 
attention  to  the  fact  that  recent  hydrographic  exploration  in  tlie 
Pacific  and  Indian  Oceans  has  levealed  the  existence  of  a  far  greater 
area  more  than  3000  fothoms  deep  than  was  supposed  to  exist  when 
the  maps  for  Dr  Murray's  paper  wen  coDstnicted.  Heuce  in  tjiat 
paper  the  area  with  depths  between  2000  and  3000  fathoms  most 
be  restricted,  and  the  ares  with  depths  greater  than  3000  fathoms 
enlarged  to  the  same  extent.  The  other  contour-lines  are  practdcally 
unaltered,  but  the  volume  of  the  hydrosphere  is  greater  than  was 
assumed,  and  the  contour-line  of  mean'sphere  level  must  lie  at  a 
somewhat  greater  depth  than  1400  fathoms. 

It  is  obvioos  that  the  two  areas  into  which  the  mean-sphere  level 
line  divides  the  surface  of  the  globe  bear  no  necessaiy  relation  of 
size  to  one  another.  If,  for  example,  the  elevated  area  were  a  vast 
pillar  1  square  mile  in  section,  the  mean-s{diere  level  line  wonld  be 
traced  roond  it  very  near  the  base ;  i^  on  the  otber  lumd,  the  elevat«d 
area  were  a  mass  166,000,000  square  miles  in  aection,  mean^phere 
level  would  he  close  to  the  mouth  of  the  narrow  pit  which  formed 
the  depressed  area. 

When  a  map  of  the  sphere  on  an  equal  surface  projection  is  cut 
out  along  the  contour-line  of  1400  fathoms  of  ocean  depth  (assumed 
mean-sphere  level),  the  area  above  that  level  is,  as  estimated  by 
weighing  the  two  portions,  30  per  cent,  smaller  than  the  area  beneath 
that  level  In  this  experiment,  the  red  line  marking  mean-sphere 
level  on  the  m^  was  visible  on  the  portion  representing  the  de- 
pressed area.  This  line  was  80  inches  long  and  assuming  that  -^  of 
an  inch  were  left  on  the  one  side,  this  would  account  for  one  quarter 
of  the  difference,  leaving  the  depressed  area  15  per  cent,  larger  than 
the  elevated  area ;  %.e,  the  two  areas  would  be  equalised  by  trans- 
ferring 7^  per  cent  of  the  larger  to  the  smiiller.  In  so  rough  an 
experiment  it  is  not  a  great  assumption  to  take  the  two  areas  as 
equal,  but  if  instead  of  doing  so  we  inquire  into  one  or  two  other 
ration  the  equality  in  area  of  the  elevated  and  depressed  region  is 
practically  proved. 
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Uaiiig  Dr  Murrey's  corrected  figures,*  we  get — 

Area  of  litbosphere  above  coutour-line  of  1000  fiLtboms,  78,700,000  sq.  miles 

,,  below  ,,  „  118,200,000      „ 

Or  the  ratio  is  1  :  1  '5. 

Am  of  litbosphere  abova  contonr-liae  of  2000  fathoms- 109,200,000  sq.  miles 

below  „  „  -  87,700,000      „ 

Orantloof  I  :0-8. 

And  by  my  experimant  just  cited — 

Area  of  lithoephere  above  coDtoui-Iine  of  1400  fathoms,  90,000,000  sq.  miles 
below  „  „  107.800,000     „ 

Or  a  ratio  of  1  ;1'2. 

As  prsTionsly  pointed  out,  recent  reBearchaa  show  tliat  mean- 
sphere  Uvel  abonld  be  placed  somevhat  deeper  than  1400  fathoms, 
■nd  if  this  depth  were  1 700  fathoms  the  result  would  almost  exactly 
correspond  to  an  equalisation  of  areas. 

Pending  the  nmeBsnrament  of  larg»«:ale  maps  on  which  the 
results  of  the  exploration  of  the  Pacific  at  present  in  progress  by 
British  snrveying  ships  can  be  represented,  and  pending  also  fuller 
knowledge  of  the  relief  of  polar  regions  and  of  the  giavitatioaal 
distortion  of  the  hydrosphere,  it  is  imprudent  to  do  more  than  point 
out  the  position  of  mean-sphere  level  ss  somewhere  between  1400 
and  2000  fathoius  beneath  mean  eea-IeveL  At  the  same  time  it 
is  to  be  noted  that  some  contour-line  between  1400  fathoms  and 
2000  fathoms  (probably  that  of  1700  fathoms)  divides  the  surface 
of  the  lithosphere  into  two  equal  areas — one  of  elevation,  one  of 
depression. 

This  coincidence  can  hardly  be  accidental,  and  although  at 
present  I  do  not  see  how  the  &ct  of  the  volume  of  the  projecting 
portion  of  oue  half  the  lithosphere  surface  being  equal  to  the  volume 
of  the  depression  occupying  the  other  half  bears  upon  physical 
geography  and  geology,  the  question  demands,  and  will  probably 
repay,  investigation.  If  the  substance  of  the  globe  were  incom- 
pressible and  elastic,  it  would  follow  that  the  depression  of  one  half 
the  surface  would  elevate  over  the  other  half  a  protuberance  equal 
in  volame  to  the  depression.  The  depressed  area  is  the  region 
termed  bySr  Murray  the  "abysmal  area,"  and  has  distinct  physical 
*  Seat.  Otog.  Mag.,  18S0,  vol  v.  p.  265. 
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properties  tmlike  those  of  tlie  other  half  of  the  world,  tf  it  were 
posaible  to  show  that  one  half  of  the  earth's  surface  was  sabjected 
to  a  compreasiye  Btress  from  which  the  other  half  was  free  during 
the  period  of  pksticity,  the  magnitade  of  the  ptessare  would  be 
tneasuied  hydroetatically  by  the  mass  elevated  over  the  free  half. 
Except  the  pressure  of  the  hydrosphere  on  the  abysmal  aieo,  no 
such  force  is  at  present  at  work,  and  that  presenre  is  certainly  quite 
inadequate  to  the  leenlb 


A  Oeometrical  Method,  dependent  on  the  Principle  of 
Translation.    By  David  Maver.    (With  Plate.) 

(Bud  March  3, 1890.) 

The  properties  of  generating  lines  and  surfaces  often  afford  an 
easy  and  beautiful  mode  of  demonGtrating  geometrical  tiieorems 
which,  if  done  by  the  ordinary  method,  would  be  long  and  t«dionB. 
As  the  subject,  so  far  as  the  writer  is  aware,  is  new,  a  short  paper 
upon  it  may  not  be  unacceptable. 

The  following  principles  will  readily  be  admitted ; — 

1.  Let  AB  and  CD  be  two  parallel  straight  lines,  and  EF,  GK 
any  lines  whatever  drawn  from  the  line  AB  to  the  line  CD.  If 
these  lines  EF,  OK  advance  equal  distances  along  AB  and  CD, 
each  keeping  parallel  to  itself,  the  spaces  passed  over  by  these  lines 
will  evidently  bo  eqnal.  Let  these  spaces  be  represented  by  «EF 
and  «0K,  which  may  be  read  space  generated  by  EF  and  space 
generated  by  QR,  then  we  have  s£F=«GK.  From  this  it  follows 
that  if  one  side  of  a  triangle  be  the  direction  of  motion  the  spaces 
generated  by  the  other  two  sides  are  equal,  that  is  if  ABC  be  a 
triangle  and  BC  the  direction  of  motion  «AB=8AG. 

2.  If  there  be  two  lines  EF,  GE  standing  upon  the  straight 
line  FK,  and  if  FE  be  the  direction  of  motion,  and  8EF  =  «GK, 
then  the  lines  EF,  GE  are  between  the  same  parallels,  that  is  if 
EG  he  joined,  EG  is  parallel  to  FK. 

3.  If  AB  and  CD  be  two  equal  straight  lines,  and  equally  in- 
clined to  their  respective  directions  of  motion,  we  plainly  have 
«AB-sCD. 
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4.  If  AB-CDand  aAB-«GD,  or  if  i)AB-$CD  and  jHtAB- 
9^D  then  AB  and  CD  are  equally  inclined  to  tbeii  leapective 
diiectiona  of  motion. 

6.  If  «AB->«OD  and  AB  and  CD  are  equally  inclined  to  their 
inpective  directions  of  motion  then  AB-«CD,  or  generally  if 
f>tAfi-9«CD  thenpAB-^D. 

It  woold  appear,  therefore,  that  of  the  three  conditions,  equality 
of  straight  lines,  equality  of  the  epaces  gsiiBrated  by  these  lines,  and 
equally  of  their  inclinations  to  theit  Tespective  directions  of  motion, 
if  sny  two  are  given  the  thiid  is  also  given. 

There  ue  other  properties  of  generating  lines  which  might  be 
noticed,  but  to  do  so,  and  show  their  application  to  the  solution  of 
geometrical  theorems,  woold  extend  this  paper  to  too  great  a  length. 
We  shall  therefore  proceed  to  apply  what  has  already  been  gone 
over. 

BA  and  BC  (fig.  1)  are  two  tangents  to  the  circle  £AC  whose 
centre  is  D.  If  the  diameter  CD£  be  diawn  and  ElA  and  DB  joined, 
EA  shall  be  parallel  to  DB.  It  is  easily  seen  that  the  angle  ABD 
kCBD.  Let  DB  be  the  direction  of  motion  then,  sED  =  8CD« 
iCB=sAB, .-.  since  sED-sA]^  £A  is  parallel  to  DB  (2). 

Let  the  sides  AB,  BC  (fig.  2)  of  the  triangle  ABC  be  bisected  by 
the  straight  lines  CE,  AF  intersecting  in  G,  then  shall  CO  -  2EG 
AG-2FG;  and  if  BG  be  drawn  and  produced  to  D,  AD-CD. 
Let  AF  be  the  direction  of  motion,  then  «CG  -  iCF(l)  -«BF  =  sBA  - 
2«EA=-2«EG,  .-.  since  «CG=2«EG,  CG-2EG  (5).  In  the  same 
way  AG  —  2F0.  Again,  if  DB  be  the  direction  of  motion,  we  have 
f  AD  -  «AG  =  2eFG  -  2«FB  =  eCB  =  bCD,  .  ■.  since  »AD  =  sCD,  AD  - 
CD. 

ABCD  (fig.  3)  is  a  quadrilateral,  and  the  diagonal  BD  bisects  the 
diagonal  AC  in  E.  If  the  opposite  aides  be  produced  to  meet  at 
FandGwe  have  the  following  resnlte: — (1)  If  OD-tnAD  then 
shaa  GB-niCB,  FD-mCD,  and  FB-mAB  (2)  If  BD  be  pro- 
duced it  wiU  bisect  FO  in  K.    (3)  AC  is  parallel  to  FG. 

(1)  Tske  DB  as  the  direction  of  motion,  then  beoanse  GD  »  mAD 
.-.  «GD=-m«AD-nuA£~msC£-m8CB;  bntsGD-«GB, .-.  sGBo 
msCB,  and  GB^mCB  (6). 

To  show  that  DF-n>CD.  Becaose  GD-mDA  .-.  GA  =  mDA  + 
DA  =  (m  ■{-  1}DA.    Taking  FB  as  the  direction  of  motion,  we  have 
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«GA  =  (m  +  l)«DA-(m  +  l)«DF;  but  »GA  ia  aUo  equal  toaGB- 
nwCB-n««CF,  .-.  (m+ l)«DF-m«CF,  and  (m+l)DF-mCP  (5). 
Hence(m  +  l)DF-mDF=-mOF-niDF-m{CF-DF)-mCD;aiid 
(m+l)DF-mDF-Dr  .-.  DF  =  mCD.  That  FB=mAB  may  be 
s}iowD  in  tiie  same  way  bb  that  OB  —  mCB. 

(2)  F6  is  bisected  in  K.  Take  KB  as  the  direction  oi  motion, 
then  tGTL = «GD  =  m«AD  =  nwAE = nwCE  -  m»CD  -  aFD  «  sFK, 
.-.  since  sGK-sFE  we  hare  OE-FK. 

(3)  ACisparaUel  toFO.  BecauseOD-mDA.-.  GA-=mDA  + 
DA  =  (in4-l}DA.  In  the  same  way  FC  =  (m  +  l)DG,  and  taking 
AC  aa  the  diieclion  of  motion,  sGA-(m-i-l)«DA>-()n+l)«DG  = 
«FC, .-.  since  «GA  =  bFC,  AC  is  paraUd  to  FG. 

Let  AB,  CD,  EF,  GE  be  fonr  straight  lines,  and  AB-CD  -  EF-GK. 
If  CD  and  OK  are  generating  lines,  and  equally  inclined  to  their 
respective  directions  of  motion,  we  plainly  have  ABdCD  -  EF«GK ; 
and  conversely,  if  AB«CD  -  £F«GE  then  ABGD  -  EFGE.  It  is 
easy  to  see  that  this  troth  is  general  whatever  number  of  factras 
we  may  have,  and  that  if  A-B-C-D-E-F  tlien  A-B«C  =  D-E»F- 
A-C«B  =  D-F«E=0-B«A  =  F.E8D. 

The  convraae  is  also  evidently  tme,  that  if  A-B«C  =  D-EiF,  and 
the  generating  lines  C,  F  be  eqnaUy  inclined  to  their  respective 
directions  of  motion,  then  A-B-C  "  D-E-F. 

For  the  sake  of  brevity  it  will  be  convenient  to  nse  some  ^mbol 
to  indicate  the  direction  of  motion.  In  the  expression  «AB(CD) 
the  symbol  is  (CD),  which  indicates  that  the  direction  of  motion  of 
the  generating  line  AB  is  CD. 

To  employ  the  properties  of  generating  lines  in  geometrical  de- 
monstration, it  is  necessary  to  observe  those  angles  which  are  equal, 
and  to  remember  that  if  the  angle  made  by  the  generating  line  with 
the  direction  of  motion  be  changed  into  its  supplement  the  space 
generated  is  unaltered. 

CA  and  CB  (fig.  4)  are  two  tangents  at  the  extremities  of  the  chord 
AB  of  the  circle  ABF,  and  OF  a  secant  cutting  the  convex  drcnmfer- 
ence  in  D,  the  chord  AB  in  E,  and  meeting  the  concave  circumfer- 
ence in  F ;  to  ahow  that  CF  is  divided  harmonically  in  D  and  £. 
Join  FA,  FB,  BD.  It  is  easy  to  see  that  the  angle  DBE  -  DFA  in 
the  some  segment,  CBD^BFE  in  the  alternate  segment,  and  FAC 
the  supplement  of  E6F. 
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CFjiEDpB)  =  cr«EB  -  EB«CF(FA)  =  EB«CA  =  CA«EB(BF)  = 

CA«EF  =  CB«EF  =  EF«CB(BD)  =  EFsCD . 

.-.  rincB  CFsED°>EF«CD,  and  that  the  gcnerstiug  linee  £D  and 

CD  are  equally  inclined  to  DB  the  direction  of  motion,  the  angles 

EDB,  CDB  being  supplementaty,  we  have  CF-EO-EF>CD. 

From  the  extremities  of  the  hose  BC  (fig.  6)  of  ^  triangle  ABC 
are  drawn  any  two  lines  BD,  C^  meeting  the  oppo§ite  sides  AC,  AB, 
or  those  aidea  produced  in  D,  E,  and  intersecting  in  F :  to  show  that 
AB- AC-FE-FD  -  FC-FB-AE- AD. 

AB- AC-FE«FD{Dn)  -  AB-AC-FEsFC  -  AB-FE-FC«AC(£^)  - 

AB-FE-FC.AE  =  AB-FC-AE«FE(EB)  =  AB-FC-AE.FB  = 

F&AE-FB8AB(BD)  -  FC-AE.FB«AD . 

It  will  be  seen  that  the  first  generating  line  FD  in  the  foregoing 
Beriee  of  eqnal  prodacta  ia  inclined  to  its  direction  of  motion  at  the 
same  angle  aa  the  laat  generating  line  AD.    Hence 

AB- ACFE-FD  -  FC-FB-AE- AD. 

ABCD  (fig.  6)  is  a  qnadrilateral  inacribed  in  a  circle,  the  diagonals 

AC,  BD  intersecting  at  E,  to  show  that  ABi-CE-DE-CDi-AE-BE. 

The  angle  DOE  ~  ABE,  being  in  the  same  segment,  alao  CDE  =  BAE. 

AB»-CE«DE(EC)  =  AE'-CE»DC  -  ABCE-DC«AB(E1)  - 

AB-CE-DC»AE  -  AB-DC-A£tCE(£D)  -  AB-DC- AEsCD  = 

DC- AE.CD«B  A(  AE) = DG  AE-CD(rBE  =  CDS- AE»BE , 

.-.  since  the  first  and  last  generating  lines  DE,  BE  are  equally 

inclined  to  their  respective  directions  of  motion,  we  have 

AB«.CE.DE= CD»-AE-BE . 
Let  the  opposite  sides  BC,  AD  (fig.  7}  of  the  circumscribing  quadri- 
lateral ABCD  touch  the  circle  at  the  points  G,  E.    It  is  known 
that  if  GE  be  drawn  it  will  pass  through  F,  the  intersection  of  the 
diagonals  AC,  BD.     Show  that  CB-PG- AP-DP  =  DA-PE-PB-CP. 
CB-PG-AP«DP(PA)  -  CB-PG- AP«DA  -  CB.PG-DAjPA(AE)  = 
CB-PG-DAiPE-  CB-DA-PE«Pa(aB)  =  OB-DA-PEsPB  = 
DA-PE-PBgCB(BP)  -  DA.PE-PBaCP , 
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.'.  since  the  inclinatioa  c^  the  genetatmg  line  DP  to  ita  direction  of 
motion  PA  ie  equal  to  that  of  CP  to  its  diiectioa  of  motion  BP,  we 
have  CB-PGAPDP-DA-PE-PB-CP. 

By  applying  the  properties  of  generating  lines  to  the  prodacts  of 
three  or  more  sbaight  lines,  as  has  been  done  in  the  last  three 
examples,  any  number  of  geometrical  reaulte  may  be  obtained. 
But  for  a  fuller  development  of  the  subject,  the  writer  would  refer 
to  bis  work.  Parallel  TranMiUiona  of  Lines  and  Swfacee,  published 
by  A.  Brown  &  Co.,  Aberdeen,  in  which  the  priuciplee  are  extended 
and  applied  to  other  parts  of  geometry. 


Qraphio  Beoorda  of  Impact.     (Abetraet.) 
By  Profaasor  T^t. 
(Read  July  7,  1390.) 

The  apparatus  for  Impact  experiments,  which  was  exhibited  to 
the  Society  on  20th  Febmary  1888,  has  been  greatly  improved  by 
the  aubstitutian  of  a  vaiy  true  slab  of  plate^Iass,  thinly  covered  with 
printing-ink,  for  the  sheet  of  cartridge  paper.  The  racord  is  made 
by  a  needle-point  which  projects  from  the  fallmg  body,  and  ^lich 
is  kept  in  constant  contact  with  the  plate  by  means  of  a  light  spring. 
The  time  of  rotation  of  the  plat«  is  given  by  a  tuning-fork,  with  a 
small  bristle  attached,  which  is  kept  in  vibration  by  a  periodic 
cniront,  and  records  alongside  of  the  other  tracings. 

When  the  paint  is  diy,  the  plate  is  used  as  a  photographic  nega- 
tive. To  correct  for  possible  shrinkage  of  the  photographic  paper, 
circles  of  known  diameter  are  described  on  the  inked  plate  at 
Tarious  places,  and  tested  when  the  fixing  process  is  complete. 

The  following  data  give  a  general  idea  of  the  results  of  a  4  foot 
fall: — the  falling  body  being  a  block  of  hard  wood,  of  5 J  lbs.  mass, 
which  impinges  on  a  cylinder  of  32  mm.  diameter  and  32  mm.  in 
length,  half  of  which  is  imbedded  in  a  large  mass  of  lead  cemented 
to  the  asphalt  fioor.     The  time  is  less  for  more  violent  impacts. 

HUorW  of  CyllDdcr.  Compceailoii  tai  min.         Him  of  Impact. 

Vnlcuiited  India-Bnbber,  11-6  0"0077 

Tuloauite 2-8  0  -0011 

Cork, 19-b  0  -01(18 

Flane-tre«, I'S  0  -OOIS 
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On  the  Number  of  Dturt  Particles  in  the  Atmosphere  of 
oertidn  Plaoes  in  Great  Britain  and  on  the  Continent, 
with  Remarks  on  the  Relation  between  the  Amount 
of  Dturt  and  Meteorologiool  Phenomena.  By  John 
Aitken,  F.R.S.    {With  3  PlatoB). 

(BmA  FsbroaiT  3,  18S0.) 
The  portable  dust-comitiug  apparatna  described  in  a  previous 
commoDicatioa  to  this  Society*  was  designed  with  a  view  of  making 
obaervations  on  the  air  at  utoationa  wheie  it  would  be  inconvement 
to  work  with  the  larger  laboratoTf  apparatus ;  and  also  to  enable 
these  observatlonB  to  be  made  under  conditions  more  favourable  for 
avoiding  local  imporitieB  than  is  poasible  when  working  in  a  house. 
As  the  construction  of  this  portable  apparatus  was  completed  just 
as  I  was  about  to  start  for  the  Continent,  the  opportunity  seemed  a 
favourable  one  for  continuing  the  investigation  into  the  number  of 
dost  particles  in  the  atmosphere,  and  extending  oar  knowledge  on 
the  subject  in  other  countries.  The  portable  apparatus  is  reduced 
to  such  dimensions  that  it  adds  but  little  to  one's  personal 
I°SS^6^  ^^^  '^'^  ^  easily  carried  to  the  place  where  the  observations 
are  to  be  made. 

This  new  form  of  apparatus  has  been  found  to  do  its  work 
satisfactorily.  If  a  new  set  of  apparatus  were  made,  the  only  altera- 
tions the  past  experience  would  suggest  is  to  omit  the  smallest 
of  the  stopcock  measures,  because  I  have  never  aa  yot  had 
occadon  to  measure  outside  air  so  full  of  particles  that  the  testing 
could  not  have  been  done  with  the  second  smallest  measure.  The 
smallest  measure  should  therefore  be  only  retained  if  the  apparatus 
is  required  to  test  air  extremely  full  of  particles.  For  air  of 
tike  country  comparatively  free  from  pollution,  all  the  stopcock 
meosores  may  be  omitted,  as  they  are  never  required.  When  the 
air  is  pure  large  quantities  of  it  require  to  be  sent  into  the 
receiver,  and  the  air-pump  alone  is  naed.  When  the  aii  is  fairly 
pnre,  such  as  country  air,  6  or  10  c.c.  are  generally  required  for  each 
test 

The  silver  counting  stage  of  the  apparatus  was  at  one  time  found 

*  Proe.  Boy.  Soe.  Mm.,  vol.  xvi. 
VOL.  XVn.  7/8/90  » 
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to  be  tronblesome,  frequent  polishings  being  required  to  keep  it  in 
good  working  otdsr.  Other  metals  less  easily  tarnished  than  Bilver 
haye  been  tried,  bnt  with  no  veiy  satisfactoiy  result  as  yet  Plati- 
num  does  very  well,  and  keeps  free  front  tarnish,  but  it  is  difBcnlt  to 
give  it  a  very  peifect  polish.  Platinoid,  which  owing  to  its  property 
of  keeping  bright  in  impure  air,  promised  to  bridge  this  difficulty, 
but  on  trial  it  was  found  to  be  most  noanitable,  as  it  soon  got  spotted 
all  over.  The  little  drops  of  rain  seemed  to  eat  into  it,  and  not 
more  than  one  test  could  be  made  withont  lepolishing.  Blackened 
glass  had  also  been  tried  again,  in  the  hope  it  might  be  got  to  work 
well,  as  it  could  be  much  more  easily  kept  in  order  than  silver. 
Unfortunately  it  does  not  act  very  satisfactorily,  owing  to  the  tendency 
of  glass  to  get  dewed.  As  this  dewing  is  not  easily  observed  in  the 
instmment,  it  gives  rise  to  difficulties,  as  the  drops  are  not  visible  ou 
the  dewed  surface.  And  when  the  surface  is  kept  n&dewed  the 
drops  tend  to  evaporate,  and  the  number  counted  is  isther  low. 
Further,  owing  to  less  light  being  reflected  by  the  glass  surface  than 
by  the  silver,  the  drops  are  not  bo  brilliantly  illuminated  and  there- 
fore not  so  easily  counted.  On  the  other  band,  silver  has  been 
found  to  require  very  little  attention  in  pure  air.  The  stage  has 
frequently  been  used  for  weeks  without  once  being  taken  out  of 
the  receiver  for  polishing,  and  it  worked  quite  satisfactorily  at  the 
end  of  the  time. 

The  first  place  on  the  Continent  at  which  regular  observations 
were  made  with  the  dust^ounter  was  Hy^res  in  the  south  of 
France.  Hyferes  is  a  small  town  on  the  shores  of  the  Medit«rranean, 
and  is  the  westmost  of  the  health  resorts  on  the  French  KiviertL 
It  is  situated  on  the  southern  slopes  of  a  hill,  at  rather  more  than 
two  miles  from  the  sea.  A  flat  fertile  plain  extends  for  some  dis- 
tance from  the  town  seawards,  and  at  some  places  the  shore  is 
fringed  by  marshy  lands.  ObservationB  were  occasionally  made  at  an 
open  window  of  the  hotel,  which  is  situated  just  on  the  outskirts  of 
the  town.  The  observations  of  most  value,  however,  were  made  on 
the  top  of  FinouiUet,  a  hill  situated  at  about  two  miles  to  the  north 
of  west  of  Hy^res.  Finouillet  has  an  elevation  of  slightly  less  than 
1000  feet. 

Along  with  this  paper  is  given  a  table  ehowing  the  results  obtained 
at  this  situation,  and  also  at  a  number  of  other  places  on  the  Conti- 
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iisnt  and  in  this  eountiy.  la  the  table  is  enterad  the  number  o£ 
dust  particles,  per  cubic  centimbtre,  obeerred  in  the  aii  of  the  place, 
at  the  hour  and  date  given,  each  of  the  nnmbeis  given  is  an  average 
of  ten  tests  mode  in  npid  succession.  The  direction  and  force  of  the 
wind  is  also  entered,  as  well  aa  the  temperature  and  the  humidity. 
The  humiditf  is  indicated  by  the.  amount  to  which  the  wet  bulb 
was  depraased  below  the  dry  one  at  the  time  the  tests  veie  made. 
These  records  of  humidity  are  not  very  estia&ctory,  owing  to  the 
difficolty  of  getting  suitable  positions  for  making  the  observations 
at  the  different  places.  In  a  few  cases  the  observations  were 
made  with  wet  and  dry  bnlb  thermonieters  placed  at  a  window, 
■nd  in  shade  and  prot«cted  as  much  as  possible  from  radiation. 
In  some  cases  the  humidity  was  taken  with  a  hygroscope,  and  its 
readings  converted  into  wet  bulb  depreasione  by  comparative  read- 
ings of  the  two  instruments.  In  the  second  last  column  of  the  table 
is  entered  the  state  of  the  air  with  regard  to  transparency.  These 
transparency  observations  ore  far  from  satisfactory,  as  no  spe«al 
means  have  been  adopted  of  measuring  it.  It  has  simply  been 
judged  by  the  unaided  eye,  which  is  a  very  rough  method  of  estimat- 
ing it  There  are  many  things  which  alter  the  apparent  trans- 
parency of  the  air,  and  make  the  estimate  taken  in  this  way  very 
nnsatiefactory.  For  iastance,  when  the  sky  is  clouded  all  over  the 
ur  looks  more  transparent  than  under  a  cloudless  sky,  because  the 
haze  in  the  air  between  ua  and  the  distant  scene  is  not  illuminated 
by  diieot  sunlight^  and  therefore  does  not  show  bo  much.  Again, 
when  looking  in  the  direction  away  from  the  sun,  the  air  appears 
dearer  than  when  boking  in  the  opposite  direction.  Only  a  very 
rough  scale  of  clearness  has  therefore  been  attempted.  Some  special 
instrument  would  require  to  be  devised  before  more  definite  records 
con  be  obtained. 

It  will  be  seen  from  the  table  that  a  great  number  of  particles 
was  observed  in  the  air  on  the  19th  Uarch,  st  the  open  window  of 
the  hotel  at  SyireB.  This  high  number  was  evidently  due  to  local 
contamination,  the  wind  at  the  time  blowing  from  the  town.  On 
the  21st  fbe  wind  was  towards  the  town,  and,  as  will  be  seen,  the  air 
was  much  freer  from  dust,  the  number  per  c.c.  falling  from  46,000 
to  0000. 

The  top  of   FinonillBt  was   selected    for  testing  the  air    of 
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tlie  district  smnmiiding  Hyferea  oq  account  of  its  poution  and 
shape.  Tlie  hill  is  sitnated  near  the  centre  of  a  plain;  mi  its  soatb, 
west,  and  north  aides  it  rises  with  steep  slopes  to  a  rather  fin© 
point  Its  top  rises  therefore  into  what  we  might  expect  to  be  the 
pure  air  of  the  district.  An  examination,  however,  of  the  table 
will  show  that  no  verjr  low  number  was  obtained  at  this  sitnatioD, 
never  less  than  3500  per  c.a  The  reason  for  this  would  appear  to 
be  that  the  hill  is  surrounded  on  three  sides  by  a  highly  cultivated 
plain,  which  is  dotted  all  over  with  the  houses  of  the  peasantry,  and 
at  many  places  there  are  vUlages.  The  air  of  this  district  is  there- 
fore very  much  polluted  with  the  producte  of  combustion,  and 
though  the  situation  where  the  observations  were  made  is  neariy 
1000  feet  high,  and  the  hill  rises  abruptly  from  the  plain,  yet  it  is 
evident  that  the  poUuted  lower  air  came  up  to  the  top  of  the  hill, 
being  driven  up  the  slopes  by  the  wind.  This  ascent  of  the  lower 
air  to  the  tops  of  hills  has  been  frequently  observed,  and  will  be 
referred  to  later.  The  rapid  change  in  the  number  of  partidee 
observed  at  short  intervals,  showed  that  the  lower  air  was  rising 
to  the  hill  top.  On  the  23rd  and  2f>th  the  numbers  varied  greatly 
owing  to  &e  impure  lower  air  being  imperfectly  mixed  with  the 
purar  air  above.  It  is  no  doubt  possible  that  some  of  this  variation 
may  have  been  due  to  change  of  direction  of  wind  bringing  air  fn»n 
mora  or  less  polluted  parts. 

It  will  be  observed  that  on  the  4th  of  April  the  number  of 
particles  at  this  situation  was  remarkably  great,  the  number  being 
as  high  as  25,000  per  cc.  This  high  number  was  fairly  steady 
daring  all  the  tests  made  on  that  day.  When  I  had  tested  the 
different  parte  of  the  dust  counter  and  found  no  reasonable  cause 
for  doubting  its  indications,  it  became  necessary  to  look  for  some 
outside  cause  for  this  very  high  number.  On  looking  in  the  direc- 
tion of  Toulon,  distant  about  nine  mUes,  it  was  seen  that  the  wind 
was  blowing  direct  from  that  town,  and  bni^ng  the  products  of 
combustion  to  the  place  of  observation ;  the  smoke  being  traced  for 
some  distance  from  the  town  coming  in  a  straight  line  towards 
Pinouillet 

On  the  29th  March  observations  were  made  at  La  Flage  with 
the  view  of  examining  the  air  resting  on  the  sea.  These  observa- 
tions were  made  at  three  difieraut  places  near  the  shore.     The  first 
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on  th«  beaeb,  the  second  at  100  yards  inland,  and  the  third  at  2S0 
yards  from  the  beach.  The  vind  at  the  time  was  directly  inshore, 
bat  it  is  possible  it  may  have  been  polluted,  as  there  are  a  few 
dwellingB  oa  the  islaods  outside.  Two  observations  were  made  on 
the  beach  at  an  interval  of  an  hour  and  a  hall  The  second 
obaeivBtion  gave  twice  the  number  obsraved  in  the  first  This  may 
have  been  due  to  manj  of  the  particles  having  been  produced  by 
the  waves,  uid  as  the  waves  coatinned  nearly  the  same,  while  the 
wind  fell  to  about  one-half,  the  number  of  particles  of  spray  in  the 
air  would  be  increased  at  the  time  of  the  second  observation.  The 
increase^  however,  may  have  been  due  to  pollution  from  the  dwellings 
vn  the  islands.  At  both  the  situations  at  a  distance  &om  the 
shore  the  number  was  less  than  on  the  beach.  This  may  have 
been  due  to  the  air  with  the  spra;  particles  being  diluted  on  its 
passage^  through  tiie  woods,  to  the  situations  at  a  distsnce  from  the 
beach. 

The  next  town  at  which  observations  were  made  was  Cannes. 
The  position  selected  for  testing  the  air  of  this  disti let  was  the  top 
of  La  Croix  des  Gardes^  a  small  bill  in  the  west  bay,  having  an 
elevation  of  about  600  feet.  The  hill  is  situated  quite  outside  tho 
town,  but  it  is  surrounded  on  most  sides  by  houses  at  no  groat 
distance^  On  the  10th  of  April,  when  there  was  a  strong  west 
wind,  the  air  was  very  pure,  there  was  only  1600  particles  per  c-c 
noted.  The  air  on  this  day  was  likely  to  be  as  pure  as  it  will  ever 
be  at  this  situation,  as  it  came  with  a  fresh  wind  direct  over  the 
£sterel  Uountsins,  and  from  a  very  thinly  populated  district 
The  lowest  number  observed  here  was  much  less  than  the  lowest  at 
Hy^re^  but  at  the  Iatt«i  place  the  wind  on  the  days  the  tests  wero 
made  never  came  from  the  least  populated  districl^  so  that  the 
observations  taken  at  the  two  plaees  do  not  admit  of  comparison. 
The  observation  taken  at  Cannes  on  the  1 2th  show  an  entire  change 
in  the  state  of  matters.  The  number  on  this  day  was  very  great, 
being  as  high  as  150,000  per  c.c.  This  was  due  to  a  change  of 
wind,  which  blew  direct  from  the  town,  and  brought  the  products  of 
combustion  to  the  place  of  observation. 

On  the  13th,  observations  were  made  on  the  sea  air  at  Cannes. 
The  wind  was  from  the  south,  that  is  inshore,  but  it  was  light 
These  observations  on  sea  aii  can  only  be  made  when  thsro  is  little 
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wind,  otherwise  the  epny  'produced  h^  the  breaking  waves 
introduces  ft  disturbing  element  The  place  selected  for  teatiDg  the 
sea  air  was  in  the  west  bay,  at  the  outer  end  of  the  email  iron  pier. 
There  were  no  wares  breaking  outside  of  the  position  of  observa- 
tion, and  the  number  obtained  would  be  correct  for  the  aii  at  the 
time.  The  number  was  very  large,  10,000  per  c.c,  and  when  again 
tested  on  the  beach  to  the  lee  of  the  breakets,  which  were  high  con- 
sidering there  was  so  little  wind,  the  number  was  12,000  per  ac 
This  increase  on  shore  may  have  been  due  to  particlee  originated 
by  the  waves.  The  very  large  number  got  at  this  situation  would 
seem  to  suggest  that  the  air  had  not  come  from  far  over  the  see,  bnt 
might  have  been  land  air  which  bad  circled  round  as  the  wind  waa 
light,  or  it  might  have  been  the  air  of  the  land  breeze  of  the 
previous  night  returning  as  a  sea  breeze. 

Yery  few  favourable  opportnnitiee  occurred  for  making  obaerra- 
tionson  the  (urof  Mentone.  On  the  afternoon  of  the  26th  of  April 
tests  were  made  on  a  hill  about  1000  feet  high,  dtuated  to  the 
north-west  of  the  town.  When  the  observations  began  the  wind  was 
from  the  north,  that  is  from  the  mountains,  and  there  were  1200 
particles  per  c,c.  in  it,  A  little  later  the  wind  changed  and  brought 
up  the  ail  of  the  town,  when  the  number  began  to  rise,  and  became 
as  great  as  7200,  and  was  still  rising  when  the  obeervatitne  were 
concluded. 

On  the  morning  of  the  27tb  April  I  took  a  boat  and  palled  out 
to  some  distance  seawards  of  the  Mentone  breakwater,  and  tested 
the  air  coming  in  from  the  sea.  The  number  was  6000  per  ac 
There  was  not  wind  enough  to  crest  the  waves.  Later  in  the  day 
the  wind  increased  in  force  from  the  south-west,  so  that  possibly 
the  air  examined  in  the  morning  may  have  been  true  sea  air. 

A  number  of  observations  were  made  at  Bellagio  on  the  Lake  of 
Coma  All  these  tests  showed  the  air  to  be  very  full  of  dust  for  a 
mountainous  dbtrict  But  during  the  time  of  my  visit  the  wind 
always  blew  from  the  south,  that  is  from  the  inhabited  parts  of 
Italy;  and,  further,  it  was  always  light,  eo  that  local  imparities 
were  not  swept  away.  The  tests  were  made  at  an  open  window 
overlooking  the  lake,  when  the  wind  blew  towards  the  shore, 
and  at  other  times  tbey  were  made  on  the  top  of  the  hill  at  iba 
Villa  SerbillonL 
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The  Bsreno  obaerTationa  vere  made  in  aiuular  weather  to  tlioee 
of  Bellogio,  that  is  with  little  wind  on  most  &b.jb,  and  the  air  damp 
and  genenllf  very  thic^  dne  to  an  accnmulation  of  local  impnritiea. 
The  only  occasion  on  which  a  low  nambei  was  obtained  here  was 
on  the  afternoon  of  the  16th  May.  This  pate  air  was  found  at 
aome  distance  from  Bareno,  at  the  entrance  to  the  Simplon  Pass, 
above  all  the  Tillages  near  the  lake.  The  wind  was  light,  but  it 
descended  from  the  mountains  and  was  pure ;  owing  however  to  the 
impetfeot  mixing  of  the  hill  and  valley  aiis,  the  numbers  varied  a 
good  deal  Aa  will  be  seen  from  the  table,  they  varied  from  546  to 
860  per  cc. 

On  the  16th  of  May  the  air  was  tested  at  Locarno,  at  the  bead  of 
I^e  Maggiote.  The  place  selected  for  observing  was  on  the  hlll- 
ude  above  the  pilgrimage  cbsrch  of  Madonna  del  Sasso,  about  600 
feet  above  the  lake.  The  wind  was  northerly,  that  is  from  the 
uoiiiitaina,  and  the  air  was  fairly  pure,  only  1300  per  cc.  There 
was  thonder  at  the  time,  and  there  had  been  heavy  showers  all  day. 

The  Rigi  Ktdm  Obeervaiiont. 

Being  deaiiotu  of  making  some  observations  on  the  air  at  the 
top  of  mountain^  the  Rigi  was  selected  as  the  most  saitable  for 
the  pnrpoae,  on  acconnt  of  its  elevation  and  isolated  position.  The 
convenience  of  being  able  to  live  at  the  top  was  another  recommen- 
dation, as  one  would  always  be  in  a  position  to  take  advantage  of 
any  meteorological  change  which  might  take  place.  In  all  these 
respects  perhaps  Mont  Pilatna  would  have  been  a  better  place  for 
the  purpose,  as  it  is  more  isolated  and  is  1000  feet  higher,  but  at 
the  time  of  my  visit  the  railway  was  not  finished,  and  there  was  a 
difGculty  in  getting  up  apparatus  and  In^age  sufficient  for  a  visit 
of  some  days.  I  found  the  Rigi  £nlm  hotel  a  very  convenient  and 
comfortable  place  for  observations  of  this  kind.  The  hotel  is  so 
near  the  top  of  the  bill,  that  on  any  change  taking  place  one  can 
he  at  the  top  in  a  minute  oi  two  and  have  a  clear  view  all  ronnd, 
and  the  dust«ounting  apparatus  can  be  placed  in  ench  a  position 
that  it  testa  the  true  passing  air  from  whatever  direction  the  wind 
may  btqipen  to  Mow  at  the  time. 

As  the  Rigi  obeervations  will  probably  be  the  most  Interesting,  I 
have  entered  in  the  table  the  results  of  most  of  the  testa,  and  later 
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on  will  have  something  further  to  say  with  legaid  to  certun  meteoio- 
logical  phenomena  ohserved  here.  I  arrived  at  the  top  of  the  moim- 
tain  ahoat  midday  on  the  2lBt  Kay.  On  the  way  np  we  eotend 
a  dense  fog  at  abont  2000  feet  from  the  top.  This  fog  continned  all 
the  way  up,  and  at  the  top  it  was  impossible  to  see  more  than  50 
yards  in  fnmt.  I  began  work  at  2  o'clock,  selecting  the  top  of  the 
hill  as  the  moat  suitable  place  for  observing.  The  result  was  not 
satisfactory.  The  number  of  particles  was  found  to  vary  greatly, 
going  up  to  1300  per  c.c.  and  falling  to  under  500  in  a  abort 
interval.  Thie  at  once  suggested  local  contamination,  from  which 
I  was  unsncceeaful  in  freeing  the  observations,  by  change  of  position, 
as  the  thickness  of  the  air  prevented  me  seeing  &om  what  direc- 
tion the  polluted  air  might  come ;  I  had  therefore  to  return  to  the 
hotel  for  information  as  to  the  direction  of  all  possible  sourcee 
of  local  pollution.  I  was  then  informed  that  the  gaa-work,  engine- 
house,  and  other  buildings  connected  with  the  hotel  were  sitoated 
on  the  slope  of  the  hill  to  the  windward,  and  within  a  few  hnndied 
yards  of  the  place  of  observation.  Having  ascertained  the  direction 
of  all  possible  sources  of  local  pollution,  anew  situation  was  selected, 
well  clear  of  all  possible  contamination,  and  a  number  of  tests 
made.  In  this  situation  the  number  of  particles  was  fairly  constant 
being  285  per  cc.  when  the  testing  began,  and  falling  to  210  an 
hour  later. 

The  morning  of  the  22nd  opened  bright  and  fine.  The  fog  had 
cleared  ofF  the  hill  top,  the  clouds  having  sunk  to  a  lower  level  and 
cleared  away  a  good  deal  to  the  south;  but  to  the  north  the  whole 
country  was  covered  with  a  nearly  uniform  layer  of  clouds,  the 
upper  surface  of  which  was  about  1000  feet  below  the  top  of  the 
mountain.  In  the  morning  the  number  of  partidea  was  about  800. 
per  C.C.,  at  10.30  a.il  the  number  fell  to  about  600,  and  in  the 
afternoon  the  number  was  1460  and  gradually  increased  to  2300. 
Daring  the  afternoon  observations  an  occasional  cload  passed  over 
the  hill  top. 

As  will  be  seen  from  the  table,  the  number  of  particles  on  the 

varied  greatly  during  the  morning  obseTvatlons,  the  successive 

tests  made  within  an  hour  varying  from  about  500  per  cc  to  1100 

per  c.c    This  want  of  uniformity  in  the  passing  tdr  may  have  been 

due  to  the  strong  wind  blowing  at  the  time,  brii^ng  imperfectly 
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miied  mnnacin  of  the  impaie  air  of  the  valleyB  to  the  hill  top.  In 
the  aftenioott  the  wind  fell  a  little,  and  the  numbers  were  more 
constant^  raiying  from  600  to  850. 

The  obserrationa  made  on  the  24tti  ehov  the  ur  on  the  morning 
of  tioB  day  to  have  been  mnch  the  same  aa  it  was  the  previous 
■ftetnoon.  The  wind  had  fallen  still  further,  and  the  number 
recorded  between  10a.il  and  11  a.h.  varied  but  little,  being  from  617 
to  665,  showing  a  more  uniform  condition  and  a  lower  average  than 
tike  previoos  day.  At  4  p.m.  the  number  had  decreased  to  about 
400,  and  by  5  f.il  the  number  tended  to  increase  and  become  tita 
eame  as  it  was  in  the  morning. 

The  next  day,  the  2Sth,  being  the  last  day  of  my  Tieit  to  the 
Rigi  Kulm,  I  determined  to  make  a  nnmbei  of  tests  on  my  way  to 
Lucerne.  Between  9  a-h.  and  10  a.m.  obeerrations  were  made  on 
the  top  of  the  mountain.  The  number  observed  was  fairly  constant, 
varying  from  632  to  680.  The  wind  was  still  blowing  from  a 
southerly  direction,  but  not  strong.  On  descending  to  Vitznau  on 
the  lake,  I  at  once  proceeded  to  make  obeervations  on  the  air  at  this 
levaL  The  result  at  first  somewhat  astonished  me,  aa  the  tests 
gave  only  about  600  per  c.c.  On  examining  the  conditions,  I 
noticed  that  the  wind  had  greatly  increased  in  force,  and  at  this 
■itnation  was  blowing  in  strong  gusts,  and  it  did  not  come  down  the 
lake  but  came  over  the  shoulder  of  the  Bigi,  and  struck  direct  down 
on  Yitznau,  and  spread  oat  bn-like  from  the  village  as  a  centre. 
On  eftch  side  of  Vitznau  the  wind  blew  from  the  village,  and  on  the 
lake  in  front  it  was  off  shore,  so  that  the  lur  tested  at  Yitznau 
had  come  from  near  the  top  of  the  mountain  and  would  be  much 
the  same  air  as  that  tested  in  the  morning  at  the  top  of  the  hill. 

Leaving  Yitznau  I  took  steamer  for  Lucerne,  and  again  tested  the 
air,  selecting  for  the  pnrpose  a  position  on  the  lake  side  about  a 
mile  up  the  lake  and  to  the  windward  of  the  town.  The  nnmber 
observed  here  was  but  aligbtly  increased  from  what  it  was  at 
Vitznan,  being  only  about  660  per  c.c  At  this  situation  also,  the 
air  came  direct  from  the  mountains  to  the  place  of  observation  with- 
out local  pollution,  as  it  was  driven  down  the  lake  by  a  etrong  wind, 
and  came  to  the  instrument  from  off  the  water,  so  that  unless  from 
B  passing  steamer  there  was  no  chance  of  pollution.  The  air  was 
^ain  tested  in  Lucerne  at  the  open  window  of  the  hotel  ovwlooking 


,,GoogIc 


202  Proceedings  of  Royal  Society  of  Edinburgh.  [una. 

a  gacden,  and  eren  beie  the  immber  was  small,  bnt  as  the  hotd  u 
Bitaated  on  tlie  late  there  was  but  little  chance  of  polluticui. 

These  Lnceme  and  Vitzoau  obseiratioiiB  showed  the  aii  of  tiiis 
part  of  Svritzeiland  to  be  remarkably  poie.  We  most,  howerer, 
lemember  that  on  this  occasion  the  wind  was  strong  and  that  it 
came  £rom  the  wide  unpolluted  tract  of  countij  covered  by  the 
monntains  and  Talleja  of  the  Alps.  On  the  day  following  theee 
tests  the  wind  changed,  and  blew  from  the  north-esst,  and  brought 
up  the  air  from  the  inhabited  porta  of  Switzerland.  The  teste  made 
on  this  day  show  a  marked  increase  in  the  number  of  particles. 
Thoagh  the  wind  hod  only  recently  changed,  the  puie  aii  of  the 
pnvious  day  had  acquired  a  great  increase  in  dust  in  its  pasaage 
through  the  inhabited  parts.  The  number  on  the  afternoon  of  this 
day  varied  from  2160  to  3660  per  c.c  in  the  open  oouutiy  near 
Lucerne, 

The  numbers  obtained  at  all  the  Swiss  stations,  beginning  with 
Locarno,  are  small,  but  the  number  of  observations  aro  too  few  to 
give  anything  like  a  true  indication  of  the  state  of  the  air  in  that 
country.  Still  there  are  other  reasons  for  supposing  that  the  air  of 
Switzerland  is  very  iK»  from  dust  The  vast  tracts  of  mountainoua 
countzy  which  surround  it  on  most  sides  act  as  porifieia  of  the  air, 
not  only  on  account  of  the  absence  of  population,  and  the  time 
given  for  the  dust  to  settle  out  of  the  air,  but  also  by  the  pure 
upper  air  being  mixed  with  the  lower  impure  air,  by  the  irr^nlor 
currents  and  eddies  formed  by  the  wind  in  its  passage  acroaa  the 
mountains.  It  seems  therefore  possible  that  much  of  the  trans- 
parency and  brUlioDcy  of  the  Swiss  air  may  be  due  to  its  freedom 
from  dust 

The  Eifa  Tower  ObgenxUioJig. 

We  have  reason  for  supposing  that  the  air  at  the  top  of  monntaina 
even  such  isolated  ones  as  the  Bigi,  is  not  pure  air,  the  same  as 
one  would  get  if  they  ascended  to  the  same  height  in  a  balloon;  bnt 
that  along  with  the  pure  aii  there  is  mixed  much  of  the  air  of 
the  valleys  driven  up  the  slopes  by  the  wind  or  carried  during 
calm  weather  by  the  air  heated  by  the  sun  on  the  mountain  slopes. 
The  amount  of  this  lower  ur  which  may  be  carried  by  the  wind 
to  the  upper  level  depends  on  the  shape  of  the  hUl  and  other 
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MnditioiUL  If  the  hill  is  a  long  ridge,  and  the  wind  Moving  st 
Tight  angles  to  its  length,  the  probBbility  is  the  impure  aii  of  the 
T&lley  will  come  almoet  niunixed  with  pure  air  to  the  hill  top. 
BaUoons  might  he  used  to  £0117  the  ohseTYei  free  from  the  pollution 
of  the  lower  aii,  but  they  are  evidently  anBaitable  for  obeerratioDB 
of  thia  kind.  The  Eiffel  Tower,  however,  looks  as  if  it  bad  been 
specially  constracted  for  the  purpose;  only  it  does  not  go  high 
enough  and  is  not  movable.  The  wind-driven  aii  passes  through  the 
open  fnmewoik  of  the  tower,  and  the  stoucture  has  no  tendency  to 
csnse  the  lower  air  to  rise  and  mix  with  the  upper.  Its  position  in  a 
dty,  however,  confines  any  inveetigstion  done  on  it,  to  ^  special  con^ 
ditione,  which  are  only  in  a  aecondaiy  way  meteorological.  Though 
not  suitable  for  general  meteorological  work,  the  tower  is  evidentiy 
very  suitable  for  investigating  the  vertical  distribution  of  the  im- 
purities  rising  into  the  air  over  cities.  As  it  is  indeed  the  only  place 
where  satisfactory  work  of  this  kind  can  be  carried  on,  I  determined 
to  return  by  Paris  and  if  possible  make  some  observations  on  the  top 
of  this  tower.  Owii^  lo  tho  Hndnese  of  M.  Eiffel  I  was  enabled  to 
get  access  to  the  tower  before  it  was  opened  to  the  pnblio,  ^ 
Eiffel  very  kindly  accompanying  me  to  t^e  first  stage  by  the  lift. 
From  there  I  ascended  to  the  top  by  the  stairs,  the  upper  lifts  not 
being  then  finished. 

The  observations  on  the  Eiffel  Tower  were  made  on  the  29th 
May.  The  day  was  doady,  with  passing  showers  and  strong 
southerly  wind.  On  my  way  up  the  tower  I  stopped  for  a  short 
time  at  the  platform  about  100  m.  from  the  top,  and  tested  the  air 
at  this  elevation.  The  number  at  this  height  was  41,000  per  c.a, 
ehowing  the  air  to  be  very  much  polluted  to  a  height  of  200  m.  I 
then  ascended  to  the  top,  passing  through  the  top  platform  and 
ascending  some  distance  higher,  and  made  the  test  on  the  small 
gallery  just  under  the  electric  lamp,  at  abont  300  m.,  or  a  little 
under  1000  feet  from  the  ground.  Teste  were  made  at  this  eleva- 
tion from  10.16  i.H.  till  1  P.m. 

My  intention  before  starting  was  to  make  a  series  of  tests  at 
different  elevations  to  try  and  find  the  rate  at  which  the  ci^  im- 
purities decreased  with  the  height  above  the  ground.  A  few 
observalious  on  the  top  soon  showed  this  plan  to  be  impracticable, 
that  with  anything  like  the  limited  eeries  of  teeta  I  would  he  able 
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to  make  it  would  be  impossible  to  find  any  r^pilar  dimination  at 
the  different  heigbta  I  therefore  confined  my  attention  and  gave 
moat  of  my  time  to  the  Tuiations  taking  place  at  the  top,  ae  a  series 
of  observations  made  there  seemed  to  promise  to  give  mora  iofoma- 
tion  than  a  few  taken  at  different  heights. 

It  will  be  seen  from  the  table  that  the  numbers  varied  greatly 
from  time  to  time,  the  changes  taking  place  very  quickly ;  indeed, 
it  was  often  impossible  to  change  the  (quantity  of  air  used  quick 
enough  to  meet  the  changing  conditiona.  Fot  instance,  when  the 
particles  were  few  f oi  a  short  time,  they  would  suddenly  inciease  to 
such  a  number  that  the  quantity  of  dusty  air  which  gave  a  con- 
venient number  of  particles  for  counting  gave  in  the  next  teat  a 
number  so  great  tiiey  formed  a  fine  fog,  so  dense  it  was  impossible 
to  count  the  particles.  The  two  extremes  which  were  counted  with 
any  degree  ol  certainty  were  104,000  per  cc  and  226  per  c.c.  The 
last  and  low  number  remained  fuily  constant  during  the  taking  of 
the  t«n  tests  of  which  the  above  is  the  average.  This  small  number 
was  obtained  while  a  shower  of  nun  was  passing  over  the  tower.  As 
this  nun  was  quite  local,  falling  only  over  a  small  breadth  of  the 
city,  the  descending  drops  would  strike  down  tbe  impure  city  air 
and  at  the  same  time  draw  the  pure  upper  air  downwards.  It  seems 
probable  that  while  this  shower  was  passing,  the  top  of  the  tower 
was  in  nearly  pure  air,  probably  of  a  level  higher  than  its  top. 

An  examination  of  the  Eiffel  Tower  figures  show  that  the  impnie 
air  of  the  city  must  rise  to  a  much  greater  height  tban  1000  feetk 
They  also  diow  that  this  air  does  not  diffuse  itself  uniformly 
upwards,  but  rises  in  great  masses,  the  rapid  rise  and  fall  in  the 
numbers  showing  that  the  hot  city  ur  rises  in  columns  through  the 
purer  air  above,  and  that  at  considerable  elevations  over  a  dty  the 
air  is  of  a  very  different  character  at  places  quite  close  to  each  otheK 
It  seems  possible  that  a  sensitive  quick-acting  tliermometer  might 
show  these  changes  in  the  passing  air  by  the  rise  and  fall  in  the 
temperature.  This  want  of  homogeneity,  apart  from  the  dust  and 
impurities,  is  one  of  the  causes  of  the  unsuitableness  of  the  air 
near  a  city  for  astronomical  observations. 

On  the  way  down  from  the  top  of  the  tower  a  halt  was  made  st  the 
lower  platforms,  and  tests  made  at  a  height  of  200  m.  and  at  115  m. 
As  will  be  seen  from  the  table,  the  result*  of  these  tests  aro  of  litUe 
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valae,  too  ixnr  obaervatione  being  obtained.  After  descending  from 
the  tower  some  teats  were  made  of  the  lower  ttir.  These  tests,  owing 
to  the  kindness  of  M.  Mascart,  were  made  in  the  garden  of  the 
nketeoTological  office  in  the  Bne  de  I'UniTerait^.  The  situation  is 
not  for  from  tlie  tower,  and  the  air  at  this  place  would  be  much 
the  same  as  at  the  base  of  the  tower.  The  nnmber  at  the  low  level 
was  very  great  when  the  tests  were  made.  The  number,  however, 
varies  greatly  at  low  levels  near  the  eources  of  pollution,  owing  to 
local  circumstances,  and  the  number  varies  greatly  from  time  to  time. 
On  this  occasion  the  number  varied  firom  210,000  to  134,000  per 
cc.  In  the  same  situation  in  March  the  number  was  much  lower, 
bung  92,000,  the  difference  being  probably  due  to  atmoapheric 
conditions.     In  March  the  air  was  much  dryer. 

Lcmd&n. 
The  only  obeervationa  of  interest  made  in  London  were  taken  on 
the  3rd  of  Judk  The  day  was  bri^t  and  dry,  with  a  fresh  westerly 
wind.  Obeervations  were  mado  at  the  window  of  an  hotel  in  Yiotoiia 
Street,  and  also  in  a  garden  on  the  bank  of  the  Thames  a  little 
below  Battersea  Bridge.  To  thie  latter  aituation  the  air  came  direct 
from  Battersea  Park  uncontamiuated  by  immediate  local  pollution. 
It  will  be  seen  from  the  table  that  the  numbers  for  Battersea  Park 
varied  from  18,000  to  116,000,  thennmber  varying  a  good  deal  with 
the  velocity  of  the  wind.  It  would  be  interesting  to  know  what  the 
number  is  at  this  situation  when  the  air  is  damp  and  heavy  and 
but  little  wind  blowing.  As  no  such  day  occurred  during  my  visit, 
there  was  no  opportunity  of  testing  this  point. 

Kingairloeh. 
The  next  observations  entered  in  the  table  were  taken  at 
Kingairloeh  la  July.  Eingairloch  is  situated  in  Argyleahire,  in  the 
wilds  of  the  West  Highlands,  amidst  the  mountains  on  the  north- 
weet  dde  of  Loch  Linnhe,  nearly  apposite  Port  Appin.  At  this 
ntnatiou  the  air  is  very  free  from  local  pollution,  there  being  only  a 
very  few  houses  for  many  square  miles.  The  air  at  this  situation 
was  generally  very  pure,  but  the  amount  of  dust  was  occasionally 
fourll  to  vary  considerably  at  short  intervale.  This  was  porticu- 
lacly  the  case  when  the  wind  blew  across  the  valley  ia  which  the 
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obeeiTationa  were  made.  This  lapid  variatiou  in  the  mnubers  was 
no  doabt  due  to  the  cross  cumnta  mixing  maonnn  of  upper  and 
lower  ail,  so  that  Bometimee  one  and  sometimes  the  othei  passed 
the  instnunenb  This  seems  to  be  the  probable  explanation  of  the 
variations  Bometimee  noticed  here,  as  they  were  too  small  to  be 
due  to  local  impurities. 

The  table  ehowa  that  the  parity  of  the  air,  even  at  this  isolated 
situation,  varied  from  day  to  day,  being  aa  high  as  4000  particlea  per 
C.C  on  the  4th  and  as  low  as  206  per  cc  on  the  6th.  The  higher 
nombers  were  generally  got  with  southerly  winds  and  the  lower 
with  norijierly  ones.  This  relation  of  direction  of  wind  to  nnmber 
of  particles  would  seem  to  indicate  that  the  higher  nnmheis  were 
duo  to  pt^ntion  from  the  inhabited  parts  of  the  country,  as  all  to 
the  east  and  south  of  this  aituation  is  densely  populated,  whilst  in 
the  other  directions  there  are  but  few  dwellings  It  is  true  that  the 
distance  to  the  densely  populated  ports  is  very  considerable,  yet 
from  the  extreme  slowness  with  which  these  fiue  particles  settle,  and 
the  short  time  required  for  the  wind  to  bring  them  to  the  place  of 
observation,  there  seems  to  be  a  possibility  of  their  being  carried  aa 
far  as  this.  When  we  remember  the  number  observed  on  the  top 
of  FinouiUet  when  the  wind  blew  direct  from  Toulon,  we  can 
understand  how  it  is  possible  for  the  duet  of  the  densely  populated 
parte  of  the  lowlands  being  brought  to  the  wilds  of  the  Highlands. 
It  may  be  remarked  that  an  examination  of  the  weather  charts  for 
these  dates  shows  that  much  reliance  cannot  be  placed  on  this 
conclusion,  as  the  winds  observed  may  have  been  and  sometimes 
were  quite  local,  and  the  distribution  of  pressure  was  such  that  the 
winds  were  light  and  the  direction  of  the  general  circulation 
frequently  doubtful. 

Bm  Nevii. 

The  Coancil  of  the  Scottish  Meteorological  Society  having  pro- 
posed to  acquire  dustcounting  apparatus  for  the  observatory  on  the 
top  of  Ben  Nevis,  for  the  purpose  of  carrying  on  a  regular  series  of 
observations  on  the  dust  in  our  atmosphere  at  tluit  situation,  it 
became  necessary  for  me  to  make  an  ascent  of  the  mountain  for  the 
purpose  of  seeing  what  arrangements  would  be  required  for  the 
carrying  out  of  this  investigation  under  the  conditions  existing 
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there.  TAj  visit  was  made  on  the  let  August  onder  fairly  faToni- 
able  couditiona  of  weatlieT.  The  monuDg  vae  dark  and  dondy, 
with  detached  patches  of  mist  on  the  hill-sidee.  Fortunately  as  the 
day  advanced  the  mist  giadnally  rose,  and  as  I  ascended  the 
mountain  it  cleared  away  and  at  last  was  all  gone  by  the  time 
the  top  was  reached.  The  air  was  fairly  clear,  as  we  could  see 
Sehiehallion  quite  distinctly  on  the  one  side  and  the  hills  of  Skye 
on  the  other,  the  whole  horizon  within  that  range  being  clearly  visible 
all  round.  The  day,  however,  was  favourable  for  transparency,  as  the 
s^  was  clouded  all  over  and  the  sun  did  not  shine  on  and  illomin- 
ate  the  little  haze  there  was  in  the  air.  On  testing  the  air  the 
number  of  particles  counted  by  Mr  Omond  and  myself  was  336  per 
C.C  at  1  P.M.  and  473  at  3  p.ic. 

Alford. 

Obeervatione  were  made  from  the  6th  to  the  16th  September  at 
Alford,  a  small  village  in  the  valley  of  the  Don  in  Aberdeenshire. 
These  tests  were  made  near  the  Manse  of  Alfotd,  which  is  situated 
at  a  distance  of  about  2  miles  to  the  west  of  the  villsge.  There  are 
but  few  houses  near,  so  that  the  ur  would  be  foiily  free  from  local 
pollntioD.  An  examination  of  the  figures  given  in  the  table  for  this 
■itnation  shows  that  the  air  here  was  not  qait«  so  pare  as  at 
Kiagairloch.  This  might  possibly  be  due  to  there  being  more  honses 
in  this  locality  than  in  the  neighbourhood  of  Kingairloch,  bat  part 
was  also  dne  to  the  weather.  While  these  tests  were  being  made 
the  wind  was  generally  very  light,  and  frequently  blew  from  the 
east  and  south-east,  that  is  from  the  polluted  districts,  and  it  rarely 
came  from  the  mountains,  so  that  probably  the  air  was  a  good  deal 
poUnted;  and,  moreover,  owing  to  the  wind  being  generally  light,  the 
air  was  stsgnont  and  local  pollutions  would  tend  to  accumulate.  It 
is  probable  that  the  numbers  given  for  tha  situation  are  too  high 
for  an  average  for  the  district,  as  the  weather  at  the  time  was  close, 
dull,  and  thick,  with  a  marked  absence  of  the  usual  dear  crisp 
Aberdeenshire  air  of  September. 

On  the  morning  of  the  9th  the  wind  blew  from  the  south-west, 
that  ie  from  an  unpollated  direction;  it  was  therefore  determined 
that  an  ascent  of  Callievar  shonld  be  made  that  day,  for  the  porpose 
of  testing  the  air  at  the  top.    Callievar  is  a  somewhat  isolated 
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mountfun,  situated  at  a  distance  of  five  or  six  miles  to  the  west  of 
Alfoid.  It  iIbos  in  easy  slopes  from  the  east  and  Bonth,  though 
rather  steep  on  the  north  and  west,  and  attains  a  height  of  1747 
feet  The  early  morning  of  tha  9th  had  been  very  thick,  but  it 
soon  began  to  clear.  On  testing  the  ait  at  9  a.il,  before  beginning 
the  ascent,  it  was  fonnd  to  have  3000  particles  per  <i.^;  on  arriving 
at  the  top  of  the  hill  the  number  vae  found  to  be  much  lower.  At 
midday  there  were  only  262  per  cc.  by  the  first  test  and  336  by 
the  second,  which  was  taken  shortly  sfterwarda,  each  of  these 
numbeis  being  as  usual  the  average  of  ten  testa.  On  again 
testing  the  ur  at  2  p.U.,  two  sets  of  tests  gave  the  same  average, 
namely,  475  particles  per  cc.  This  gradual  increase  was  probably 
due  to  local  contamination.  When  the  first  tests  were  made  the  wind 
was  south-west,  and  came  over  an  uninhabited  district,  whereas  by 
the  time  the  last  tests  were  made  the  wind  bad  veered  to  the  weat- 
waid,  and  brought  the  smoke  of  the  dwellings  in  the  Don  valley 
towards  the  hill  top.  The  view  from  the  hill  on  this  day  was  fairly 
clear,  the  Cairngorms  and  Lochnagar  being  quite  distinct,  but  seen 
through  a  good  deal  of  haze,  which  was  illuminated  by  a  bright  sun, 
shining  in  a  cloudless  sky.  On  returning  to  the  foot  of  the  bill  and 
again  testing  the  lower  air  it  was  found  to  have  900  particles  per 
cc.  It  seems  therefore  probable  that  the  lower  air  at  this  situation 
is  considerably  contaminated  by  local  causes. 

Dianfrieg. 

The  last  series  of  observations  entered  in  the  table  were  made  at 
Isle,  near  Dumfries.  The  site  of  these  observations  is  quite  in  the 
country,  at  a  distance  of  six  miles,  up  the  Kith  valley,  from 
Dumfries ;  it  is  not  near  any  village,  hut  is  Borronnded  in  all  direc- 
tions by  farm  and  other  houses.  The  site  beii^  on  the  banks  of  a 
river,  the  air  at  it  will  have  the  peculiarities  belon^g  to  such  dtua- 
tions,  such  as  greater  humidity,  less  air  circulation,  and  lower 
temperature  at  nights  than  at  more  exposed  situations. 

An  examination  of  these  Dumfries  figures  shows  the  ur  at  this 
dtuation  to  have  been  remarkably  impure  for  a  country  district 
It  was  probably  much  more  impure  than  it  generally  is,  owing  to 
certain  meteorological  conditions  prevailing  during  the  time  these 
tests  were  being  made.    The  table  shows  that  the  air  was  very  pure 
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on  the  30th  of  October,  the  nnmber  being  as  low  as  235  per  cc.,  and 
it  was  fairly  low  on  one  or  two  otlier  days,  but  on  many  occasions 
th«  number  was  over  SOOO  pet  cc.  The  weather  accompanying 
this  impure  atmoapbeiic  condition  was  true  November  weather, 
dull,  thick,  and  damp,  with  cmly  an  oocasioual  fine  day. 

On  (he  PbUvtion  of  the  Atmoephere  by  Artifieiai  Causes. 
On  hiking  over  the  niUDbers  given  in  the  table  one  is  stmck  by 
the  amount  of  dnsty  pollution  introduced  into  our  atmosphsie  by 
humao  means;  and  one  cannot  help  feeling  that  the  earth's  atmo- 
sphere is  profoundly  modified  by  the  vast  quantitiee  of  dust  it 
holds  in  suspension,  much  of  which  owes  its  origin  to  the  preeence 
of  human  beings.  When  we  ascend  into  the  higher  atmosphere,  or 
go  to  uninhabited  districts,  the  quantity  of  dust  in  the  atmo- 
gpheie  is  comparatively  small,  but  whenever  we  approach  human 
habitations  the  quantity  increases,  and  near  cities  the  air  is 
laden  with  these  floating  particles.  At  the  top  of  the  Bigi,  and  in 
the  wilds  of  Argyleshire,  ur  was  tested  which  had  only  a  little  over 
two  hundred  partides  per  cc.  On  the  top  of  Ben  Nevis,  on 
Callievar,  and  in  Dumfrieeshire,  the  number  was  occadoually  only 
about  three  hundred,  bat  when  we  get  near  villages,  the  nambei 
goes  up  to  thousands,  and  in  cities  to  hundreds  of  thousands. 

Uioogli  the  number  of  particles  in  the  atmosphere  increases 
enormously  as  we  approach  the  centres  of  human  habitations,  yet 
when  we  look  mora  closely  at  the  numbers  in  the  table,  we  find  that 
the  increase,  though  great,  is  not  by  any  means  in  proportion  to  the 
increase  of  the  sources  of  pollution.  A  small  village  or  town  may 
make  tiie  passing  air  nearly  as  polluted  as  a  large  city.  Now  why 
should  the  pollution  not  be  in  direct  proportion  to  the  number  of 
fifes  and  other  sources  of  contamination.  Is  it  possible  that  when 
the  number  of  particles  becomes  very  great,  so  that  they  are  very 
close  together,  that  many  may  unite  and  form  one  t  so  tbat  what 
we  count  as  one,  in  city  air,  may  really  be  a  vast  number  adhering 
together.  As  yet  we  have  no  information  as  to  whether  these  very 
fine  dost  particles  ever  do  attract  and  adhere  to  each  other  or  noL 
There  is,  howevw,  an  evident  reason  why  the  particles  do  not  in- 
crease in  number  in  direct  proportion  to  the  amount  of  the  pollution, 
which  is  this, — with  the  increase  in  the  size  of  the  city  there  is  not 
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only  ao  incieBse  in  the  nnmber  of  paitidaa  ia  tha  air,  bat  Uiere  ia 
also  an  inaiwse  in  ths  depth  of  the  polluted  atratnin  of  air,  over  the 
city.  The  Eiffel  Tower  teite  shoved  that  the  pollnted  air  of  Parts 
roae  to  a  height  of  more  than  1000  feet  Piobabl;  on  the  day  the 
teeta  were  made  it  may  have  extended  to  many  times  that  height,  as 
extremely  polluted  aii  came  to  the  top  of  the  towei  from  time  to 
time.  The  larger  the  oity  the  greater  will  be  the  mass  of  heated 
air  lisiiig  over  it,  and  the  greater  its  ascending  power,  bo  that  the 
depth  of  polluted  aii  leaving  a  city  mnet  be  very  great,  while  that 
leaving  a  sroall  town  will  be  much  lees.  So  that  when  we  add  to 
oni  knowledge  of  ^  number  of  partidee,  the  ginater  depth  of  the 
pollnted  stratum  of  air  over  cities,  we  are  better  able  to  undetstaitd 
why  the  aii  of  cities  is  not  more  impure  Uian  the  testa  show  it  to  bOi 

Whan  the  Eiffel  Tower  tests  were  made  the  air  was  fairly  dry, 
which  faTODied  the  aacenHion  of  the  heated  air.  When,  however, 
the  air  is  damp,  it  seems  probable  that  the  prodncta  of  Dombustaon 
will  become  loaded  with  condensed  moisture,  and  this  will  counteiact 
the  ascending  tendency  of  the  heated  air,  and  the  thickened  air 
daring  this  weather  will  probably  keep  lower  down  and  give  nse  to 
the  dull  thick  town  atmoephere  of  damp  weather,  and  to  town  fogs 
when  the  wind  falls,  especially  if  the  condensation  is  intensified  by 
the  cold  produced  by  ndiation. 

It  may  here  be  asked,  Is  200  particles  per  co.  the  lower  limit 
of  the  pniit;  of  onr  atmosphere,  or  is  there  such  a  thing  aa  air 
absolutely  free  from  dust  1  The  air  at  extreme  elevations  never  has, 
and  probably  never  will  be  tested;  but  nature  has  provided  a  test 
which  shows  that  even  at  very  great  heights  dust  is  present.  Where* 
ever  a  cloud  forms  we  know  there  is  dust,  and  as  clouds  form  at 
great  elevations  we  may  conclude  tiiat  dust  is  preeent  at  even  these 
great  heights.  It  has  been  shown  in  a  previous  paper  that  conden- 
sation  may  take  place  in  dust-free  air ;  but  while  this  is  so,  yet  the 
conditions  under  which  this  is  possible  are  such  as  never  happen 
in  nature,  because  before  it  can  take  place  the  air  lequirea  to  be 
greatly  eupersatutated,  and  be  pat  into  rapid  eddying  movements,  or 
receive  some  violent  shock,  a  condition  of  things  never  likely  to 
happen  in  the  upper  strata  of  the  atmosphere.  And  further,  if 
condensation  did  take  place,  it  would  not  take  the  cloudy  form  but 
the  rainy  one ;  that  is,  the  centres  of  condensation  would  be  few 
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ftnd  widely  a^torated,  so  that  eacb  particle  would  be  large  and  taH 
rapidly  as  rain.  At  present  therefore  all  tlie  evidence  pointa  to  the 
condiuioa  that  diut  is  present  in  our  atmoephere  at  whaterer  eleva- 
titm  clonda  form. 

Now  though  this  coaclutdon  maybe  true,  eo  that  on  the  one  hand 
we  may  have  evidence  that  at  very  great  heights  in  our  atmoephai« 
then  may  be  enough  dust  to  form  clouds,  and  that  while  experi- 
ment ahowB  there  may  be  only  200  particles  per  c.c.  in  the  air,  we 
an  yet  without  any  guide  as  to  what  is  the  number  of  partielea  in 
para  unpolluted  air.  The  air  at  tope  of  mountains,  and  sveu  at  great 
heights  away  bcaa  mountains,  may  bo  polluted  by  artificial  causea. 
The  dust  of  the  lower  air  will  be  carried  by  ascending  corronts  to 
gieat  hei^tfl,  and  mqch  that  is  pnsent  in  what  we  have  called  pur« 
air  may  be  of  terrestrial  origin.  But  even  supposing  the  lower  air 
never  carried  dust  to  great  heights,  yet  there  will  be  dust  then,  due 
to  the  diaintegiation  of  the  vast  quantities  of  meteoric  matter,  which 
is  daily  showered  down  into  our  atmosphere,  where  it  becomes 
highly  heated  and  dissipated,  thus  forming  fine  meteohc  dust. 
What  the  number  of  particles  of  this  meteoric  dust  may  be,  we 
cannot  say,  nor  can  we  tell  what  its  proportion  to  terrestrial  duat 
may  be  at  the  different  elevatiouB,  but  it  seems  probable  that  the 
metetxie  dust  will  vary  in  quantity  from  time  to  time,  with  the 
eaith'a  poaition  in  space, 

Dust  and  Atraoupkeric  Trantpareney. 
When  I  made  my  last  communication  to  the  Society  on  atmo- 
ipherio  dost,  *  reference  was  made  to  the  close  relation  which  was 
observed  between  the  tranapaiency  of  tiie  air  and  the  number  of 
particka  of  dost  in  it,  when  the  teste  were  made  at  ColmoneU.  At 
tiie  eame  time  it  was  pointed  out  that  this  relation  was  likely  to 
hold  good  only  under  certain  conditions,  that  the  amount  of  vapour 
in  the  air,  or  rather  the  humidity  or  degree  of  saturation,  would  le 
likely  to  modify  the  effect  of  the  dual  My  reason  for  qualifying 
the  ColmoneU  conclusion  was  that  it  had  been  shown  in  a  prejrious 
paper  f  that  there  is  an  affinity  between  the  dust  in  our  atmosphere 
■nd  water  vapour,  and  that  some  kinds  of  dust  begin  to  condense 

•  Prot.  Soy.  See.  Bdin.,  vol.  ivi.  p.  160. 
t  TroM.  Sag.  Sot.  Edin..  vol.  xxx.  put  i. 
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moiatma  before  the  aii  u  cooled  to  the  dew-point,  that  is,  condense 
vapour  in  unBatnrated  aii. 

It  ia  evident^  therefore,  that  if  the  ordinary  dost  of  oui  atmosphere 
has  an  affinity  for  vapour,  and  caosea  condenBatioD  to  begin  while 
the  hnmidi^  of  the  air  is  some  distance  from  the  dew-point,  that 
the  condensed  moisture  will  increase  the  size  of  the  particles,  and 
by  ao  doing  cause  a  decrease  in  the  transparency  of  the  air,  under 
conditions  which  at  piesent  are  not  underatood.  It  will  be  th«efore 
necessary  for  na  to  bring  a  considerable  amount  of  evidence  to  bear 
on  this  point,  as  the  opinion  generally  held  is  that  thongb  condensa- 
tion may  be  caused  to  take  place  in  unsaturated  air  by  the  artificial 
introduction  into  it  of  certain  vapouis  and  gases,  yet  condensation 
does  not  as  a  rule  begin  in  out  atmosphere  till  the  air  is  saturated. 

The  question  then  comes  to  be,  Is  there  any  evidence  to  show 
that  condensation  really  does  take  place  on  the  ordinary  atmospheric 
dust,  before  the  air  is  saturated,  and  if  bo  at  what  stage  of  relative 
humidity  does  it  begin  to  take  place  1  The  dust-counting  appaistoa 
evidently  places  in  oor  hands  a  method  of  investigating  this  p(»nt; 
indeed,  withont  it,  it  would  be  nearly  hopeless  to  attempt  its  soln- 
taoQ.  During  the  investigation  this  is  one  of  the  points  to  which 
attention  was  closely  directed,  and  the  conclusion  come  to,  from 
all  the  evidence  that  has  been  collected  so  far,  is  that  we  have 
been  far  too  much  in  the  habit  of  supposing  that  condensation  can 
only  begin  just  at  or  immediately  before  saturation  is  reached. 
This  investigation  distinctly  points  to  condensation  beginning  long 
before  saturation  is  attained,  and  while  the  air  b  still  dry  enough 
to  give  a  difference  of  some  degrees  between  the  wet  and  dry  bulb 


In  order  to  get  the  necessary  information  to  enable  me  to  come 
to  a  conclusion  on  this  point,  it  was  cnstomary  to  enter  in  the  note- 
book, along  with  the  number  of  particles  obsecred,  as  many  of  the 
meteorological  conditions  as  possible.  Amongst  other  things  noted 
were  the  direction  of  the  wind,  the  temperature,  the  humidity,  and 
the  cleameSB  of  the  air.  These  have  been  entered  in  the  table, 
given  with  this  paper.  As  already  stated,  the  rocords  of  humidity 
and  clearness  are  not  very  satisfactory,  owing  to  the  want  of  proper 
screens  for  taking  the  wet  and  dry  bulb  observation  at  the  different 
stations  and  for  the  want  of  some  satisfactory  method  of  n 
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the  tranapuency  of  the  ur,  especialljr  when  one  ia  constantly 
ohanging  the  position  where  the  obaervationB  were  made,  and  where 
the  visilnlity  of  hills  at  different  dietancea  cannot  be  noted.  Thongh 
theM  Qbaervations  do  lack  accnrac;,  yet  they  point  in  a  rongh  but 
perfectly  distinct  way  to  the  condoaion  that  it  is  not  necessary  for 
the  air  to  be  saturated  in  order  that  condensation  may  take  place ; 
they  rather  indicate  that  at  almost  all  states  of  humidity  the  dnst 
baa  some  moiatare  condeiiBed  on  it,  and  that  as  the  humidity 
incToases  the  amount  of  depoaited  moisture  increases  with  it,  and 
increases  at  a  rate  much  quicker  than  the  humidity,  especially  when 
the  ail  ia  approaching  the  point  of  saturation. 

It  may  be  remembered  that  in  the  Colmonell  observationa  it  was 
noticed  that  the  transparency  of  the  air  depended  on  the  number 
of  dost  particles  in  it;  with  9000  particles  per  cc.  the  air  was 
extremely  thick,  with  BOOO  it  was  thick,  and  was  clear  only  when 
tbe  number  fell  below  1000.  The  Colmonell  obserrations  were 
made  in  winter,  while  the  air  was  damp,  and  its  humidity  did  not 
rary  enough  to  have  a  great  influence  on  the  transparency. 

To  illustiate  the  efiect  of  humidity,  let  us  turn  to  the  observations 
recorded  in  this  paper.  Taking  the  Hyirea  obeervaUona  first,  it 
will  be  at  once  seen  that  the  humidity  has  a  powerful  modifying 
influence  on  the  efTect  which  the  nnmber  of  particles  haa  on  the 
transparency  of  the  atmosphere.  It  is  true  that  owing  to  local 
pollution  the  numbers  observed  at  thia  atation  may  be  too  high,  and 
only  correct  for  the  air  near  the  ground.  We  shall  take  only  the 
I^ouillet  and  La  Plage  obaervationa  as  of  any  nee,  the  others  being 
too  polluted  from  local  causes.  It  will  be  seen  from  these  that  aii 
with  even  more  than  4000  particles  per  cc  may  be  very  clear  and 
transparant  if  it  ia  very  dry — with  that  number  of  dust  particles  and 
a  depreaaion  of  the  wet  bulb  of  10  degrees  or  more,  the  air  waa 
very  transparent,  as  on  the  2Iat  March  and  3rd  April  It  may  be  as 
well  to  note  hue  that  the  observations  taken  on  the  4th  of  April, 
when  the  number  of  partioles  was  very  great,  are  of  no  value  for 
onr  present  purpose,  as  on  this  day  the  wind  brought  the  smoke  of 
Toulon  direct  to  the  top  of  Finouillat,  and  while  the  air  generally 
was  clear,  yet  in  the  direction  of  Toulon  it  was  thick. 

The  efiect  of  humidity  is  very  clearly  seen  in  the  obeervationa 
taken  at  Cannea.    There  was  no  very  great  difference  in  the  number 
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of  pttrticlBB  on  the  moratDgs  of  tbe  lOth  and  llth  April — bnt  the 
«jr  on  the  10th  was  vwy  clear,  owing  to  it  being  very  dry,  Oie  wet 
bulb  bung  depressed  13°;  while  the  morning  of  the  11th  waa  thick, 
owii^  to  a  great  increase  in  the  hiunidity,  the  wet  bnlb  on  this 
occasion  being  depressed  only  2°. 

The  Bellagio  and  Baveno  observations  show  the  same  resolti  hat 
not  so  satisfactorily.  Though  evary  precaution  was  taken  to  t«iet  tiie 
air  where  it  was  free  from  local  pollution,  yet  it  ia  evident  this  was 
not  possible  under  the  conditions  at  these  stations. 

Coining  now  to  the  Rigi  observations,  it  wiU  be  noticed  that  tbe 
air  was  thickest  on  the  2lBt,  when  it  oontained  the  fewest  paitidea 
This  thickness  was  owing  to  humidi^,  a  good  deal  of  mi^etum  being 
deposited  on  the  dust.  It  will  be  noticed  that  there  was  a  depres- 
sion of  I°'9  in  tbe  wet  bulb  at  the  time,  showing  that  tbe  air 
was  not  saturated.  As  this  was  the  first  occasion  on  which  I  had 
made  observations  on  this  dense  farm  of  condensation,  I  carefully 
noted  the  state  of  the  air  with  regard  to  dryness.  The  depteeaioo 
of  the  wet  bnlh  given  in  the  talde  may  not  be  quite  correct  thou^ 
taken  as  carefully  as  possible  nnder  tbe  conditions.  It  may  poesibly 
be  too  great^  owing  to  the  air  having  been  heated  locally.  It  was 
observed  that  all  objects  in  tbe  open  aix  wrae  qnite  dry,  not  only 
stones  which  might  have  been  kept  dry  by  heat  communicated  from 
beneath,  but  all  surfaces,  such  as  wooden  fences,  Ac  The  only 
exception  to  this  was  the  grass,  which  carried  drops  of  maastuie  at 
the  tips  of  its  blades,  but  this  came  from  within  the  plant,  there 
being  no  indication  of  the  other  parts  of  the  blades  being  wetted 
by  fog. 

It  is,  however,  very  evident  that  ttionghall  exposed  surfaces  were 
dry  on  t^ia  occasion,  it  does  not  necessarily  follow  that  the  air 
was  not  saturated.  The  reason  why  the  fog  particles  did  not 
wet  the  exposed  surfaces  may  bare  been  that  these  soifacee  were 
all  heated  by  radiation,  and  the  fog  particles  would  be  evaporated 
in  the  hot  air  in  contact  with  the  exposed  surfaces,  as  radiation  can 
undoubtedly  penetrate  a  great  depth  of  fo^  I  regret  that  no 
observations  were  made  in  this  direction.*  It  may  be  noticed  in 
passing,  that  the  Swiss  Meteorological  Report  for  Uie  Bigi  Enlm 
shows  the  depression  of  the  wet  bulb  at  one  o'clock  on  the  20th 
*  It  hu,  howover,  been  conflnned  by  later  obwmtiotis. 
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to  have  been  0**9  C,  or  almost  exactly  the  same  as  found  by  me. 
Bnt  as  the  thermometer  at  this  situation  is  exposed  in  a  metal  box, 
it  also  would  be  exposed  to  radiation  and  slight  heating.  As  there 
was  a  considerable  amount  of  light  at  the  time,  there  woold  be  bnt 
little  fog  overhead.  It  seems  therefore  probable  that  radiant  heat 
would  penetrate  and  heat  all  aur&oes  and  keep  them  dry,  and  heat 
the  air  in  contact  with  them.  The  wet  bulb  depression  recorded 
was  therefore  probably  too  high. 

On  the  morning  of  the  22nd  there  were  far  more  particlea  in  the 
■ir  than  on  the  Zlst,  but  the  air  was  clear  owing  to  an  inci^ase  in 
the  dryness,  the  wet  bnlb  being  now  depressed  6°.  As  the  day 
advanced  the  air  got  ha^,  owing  to  an  increase  in  both  dust  and 
moisture,  OnthB23ni  the  air  was  very  dear,  both  dust  and  moisture 
having  decreased.  The  dust  and  moisture  remuned  much  the 
same  till  the  dose  of  the  observations,  and  the  (ur  retained  its 
clearness  to  the  end.  So  clear  was  it  that  occasionally  Hoel^errach 
ms  Tiaible,  a  condition  of  lib»  abnosphere  which,  to  those  who  know 
the  Bigi,  will  be  a  good  indicalaon  of  the  transparency. 

At  Lucerne  on  the  26th  the  dust  and  moisture  wore  both  very 
low  and  the  air  was  very  clear.  On  the  26th  the  dust  increased 
eonsiderably,  while  the  humidity  remained  nearly  the  same,  and 
(he  air  was  hazy. 

No  oonclosions  oon  be  drawn  on  this  point  either  from  the  Sffsl 
Tower  or  the  London  observations, 

Pasung  over  the  tests  of  city  air,  we  shall  now  enter  more  into 
detail  of  the  Kingairloch  obeervatians,  as  the  air  at  that  situation 
was  lees  polluted,  and  the  observations  are  better  suited  than  the 
previous  ones  for  shovriug  t^e  effect  of  dust  and  of  humidity  on 
the  transparency  of  the  atmosphere.  First  let  us  consider  the  effect 
which  the  number  of  partidea  has  on  the  transparency  of  the  air, 
and  see  if  the  conclusion  contained  in  the  previous  paper  is  con- 
firmed by  these  later  observationa  This  condusion  was  that  the 
gieatar  the  number  of  partidea  the  ^clcer  was  the  ur.  For  this 
purpoee,  as  already  explained,  we  must  select  observations  made  on 
days  when  the  humidity  was  the  same.  Taking  those  days  on  which 
the  wet  bulb  was  depressed  4°,  namdy,  on  the  6tli,  10th,  and  15th 
of  the  mtmth,  and  anasglng  them  in  the  order  of  the  number  of 
pirtides,  thus — 
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OIP>rtkl«l. 

!«•«. 

State  of  At. 

550 

15th,  «t  11.80  A.  K. 

aear. 

814 

10th, 

Uadinni. 

1000 

eth,  at  10.80  A.1L 

Thick. 

1900 

16th,  at  2  P.M. 

Thick. 

It  will  be  seen  that  with  a  humidity  GorreapoiidiDg  to  b  depression 
of  4°,  that  if  there  were  560  particlee  the  air  was  clear,  and  tliat 
as  the  number  of  particlee  increaaed  the  tianflparency  decressed. 
Again,  tahe  the  12th  and  13th;  on  both  of  these  days  the  humidity 
waa  the  same,  namely,  5°,  but  the  one  waa  clear  which  had  only  710 
particles  in  it,  while  the  other  was  thick  owing  to  there  being  30OO 
particles  present.  Again,  there  was  the  aame  hnmidity  on  the 
moniing  of  the  5th  ae  at  1.30  p.m.  on  the  6th,  but  on  the  6&  the 
air  was  clear  owing  to  there  being  only  about  300  partiiclee  in  it, 
whQe  on  the  previous  day  it  was  thick  owing  to  the  preeence  of 
more  than  four  times  that  number. 

These  figures  all  tend  to  confirm  the  conclouon  pieviously  arrived 
at  from  the  Colmonell  obseivations,  namely,  that  the  transparency  of 
the  air  depends  on  the  number  of  particles  of  dust  in  it.  We  shoU 
now  see  how  far  the  Kingairloch  observations  support  the  other 
conclusion,  that  the  amount  of  moistnie  in  the  air  haa  also  an  elTect 
by  increasing  the  size  of  the  particles,  and  so  ledacing  the 
transparency.  We  shall  use  those  Kinguiloch  figures  and  see  if  this 
afBnity  of  the  dost  for  moisture  has  practically  any  effect  on  the 
transparency  of  the  atmosphere. 

When  the  obeerraiiona  began  on  the  3rd  of  Jnly  there  was  a 
good  deal  of  dust  in  the  air,  about  3000  per  cc.  This  degree  of 
impurity  continaed  next  day,  bnt  fell  to  about  one-half  on  the  5th 
and  to  one-third  on  the  morning  of  the  6th.  Now,  thongh  the  dust 
gradually  decreased  during  these  days,  it  will  be  observed  that  the 
thickness  gradually  increased  from  a  haze  on  the  3rd  to  thick  on 
the  6th.  The  reason  for  this  decrease  in  the  transparency  was  the 
increase  in  the  humidity  which  took  place  with  the  decrease  in  the 
dust^  the  humidity  falling  from  a  depression  of  13°  on  the  3rd  to 
4°  on  the  6th.  Here  the  decreased  transparency  produced  by  in- 
crease in  size  due  to  humidity  more  than  counteracted  the  efiect  of  the 
decrease  in  numbers,  showing  how  powerful  the  influence  of  hnmi- 
dity is,  even  when  the  humidity  is  some  degrees  from  saturation. 
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This  dependence  of  transpaiencf  on  hamidity  may  be  Qluatnited 
by  these  obserTationa  in  another  way.  Taking  days  on  which  the 
namber  of  parddee  was  nearly  the  same,  but  on  which  the  humidity 
WBB  difierent  On  the  5th,  with  1600  particles  and  a  wet  bulb 
tlepresflion  of  6°,  the  air  was  thick ;  with  about  the  same  nnmber 
of  particles  on  the  8th,  but  with  a  depression  of  9°,  the  air  bad  a 
medinm  clearness ;  on  the  moming  of  the  10th,  with  611  and  a 
depressioD  of  only  4°,  the  air  was  medium  clear ;  whereas  at  1. 30  P.M. 
on  the  16tb  it  was  very  dear,  wi&  the  same  amoant  of  dnst>  but  a 
depreaeion  of  7°.  With  500  particles  and  a  depression  of  4*,  the 
air  was  clear  on  the  16th,  bst  veiy  clear  on  the  17tli  with  the  same 
number  of  particles  bnt  8°  depression.  It  will  be  noticed  that 
when  there  was  a  depression  of  only  4°  the  air  was  thick,  unleas 
ihere  was  less  than  1000  particles  per  o.c.,  and  that  if  the  numbeis 
increased  and  tiie  air  was  at  all  dear  there  was  also  an  increase  in 
the  diyness. 

It  will  be  observed  that  the  number  obtained  on  the  morning  of 
the  9th  does  not  agree  very  well  with  the  otheta.  The  number  on 
this  moming  was  high  and  the  dryness  not  very  great,  and  yet  the 
air  had  a  medinm  deamess.  We,  however,  leave  the  figores  in  the 
table,  and  the  only  explanation  we  can  offer  is  that  this  number 
was  local  and  due  to  an  almost  entire  absence  of  wind  at  the  time, 
though  it  mnst  be  admitted  that  the  numbeis  are  ratlter  constant  to 
be  explained  in  this  way. 

The  Al(ord  observations  point  to  the  same  coudnsions.  I  must, 
hovraver,  state  here  that  the  figures  entered  in  the  columns  headed 
tempentnie  and  hoiuidity  were  not  obtained  by  myself  at  the 
place  and  hour  of  observation,  but  are  from  the  weather  report 
of  the  Scottish  Meterological  Sodety's  Station  at  Logie  Coldstone, 
which  has  been  kindly  supplied  tome  by  Dr  Bnchan.  Farther, 
the  temperatures  are  the  maximum  temperatures  for  the  day,  and 
the  humidities  are  the  maximum  hnmidities  for  the  day  calculated 
from  the  morning  and  evening  readings  considered  with  reference 
to  the  maximum  temperature.  The  temperatures  will  therefore  be 
higher  than  if  they  hod  been  taken  at  the  time  the  dust  t«etB  were 
made,  and  the  wet  bulb  depreesioii  will  also  be  much  greater. 
We  can  therefore  only  compare  these  Alford  tests  smongat  them- 
selves.   It  is,  however,  unnecessary  hen  to  enter  into  a  detaQed 


,,GoogIc 


218  Proceedings  of  Soydl  Society  of  Sdirtiurffh.  [ens. 

examinaitioii  of  the  figiiree,  the  effects  of  boQi  doBt  and  hnmidltry 
being  evident. 

Hie  most  intereflting  of  the  Alfotd  teste  ue  those  made  on  the 
Hth  of  September.  On  the  moroing  of  that  day  the  air  was  medinin 
clear,  with  bright  sDoshine,  and  the  number  of  particles  was  1125 
per  C.C.  As  the  day  advanced  the  air  thickened  in  a  veiy  lemark- 
able  way;  from  hariag  a  mediam  cleamesB  in  the  morning  it 
gradually  thickened  and  lost  its  transparency  as  the  day  advanced, 
and  in  the  aAeraoon  it  was  extremely  thick,  but  clear  overhead 
and  free  from  clouds.  When  the  air  was  t«6ted  at  6.30  p.h.  the 
dust  particles  were  found  to  have  increased  to  a  h^hei  number 
than  had  been  observed  at  this  station — the  number  was  5700  per 
C.O.  The  great  increase  in  the  tliiakneflB  of  the  ur  which  took  place 
during  the  day  was  evidently  due  greatly  to  this  increase  in  the 
amount  of  dust  InoTOBsed  hunudity  may  posmbly  have  had  some 
effect,  but  probably  it  was  not  the  chief  cause,  as  the  wet  bulb  was 
only  depressed  1°*5  more  at  9  a.il  than  at  9  F.ic 

An  examination  of  the  Dumfries  series  of  observationB  bears  out 
the  conclusions  we  have  come  to  from  the  other  figures.  The 
ration  between  the  transpu«n<^  and  the  dust  and  humidify  ia 
evident,  but  the  figures  obtained  at  the  last  situation  are  not  so 
clear  on  this  point,  probably  owing  to  the  air  not  being  so  free  from 
local  pollution.  The  Dumfriea  obeervationa  might  have  been  omitted 
if  it  were  not  that  they  give  us  informatioit  on  some  other  points. 
It  will  be  observed  that  the  numbera  at  Dumfries  were  generally 
very  high,  often  extremely  so,  for  a  thinly  populated  country 
district.  An  examinatiDn  of  the  %aies  in  the  column  headed  wind, 
shows  us  that  these  very  high  numbers  generally  occurred  when  the 
wind  was  slight  or  variable,  as  on  the  13th,  14th,  16th,  18th,  snd 
i9th  of  If  ovember.  The  increase  in  the  amount  does  not  seem  to  have 
been  entirely  due  to  the  direction  of  the  wind  bringing  the  air  from 
impure  sources,  as  the  lower  current  as  well  as  the  general  upper 
circulation  varied  on  these  days  from  south  by  west  to  nearly  north. 
These  large  numbers  may  therefore  have  been  gtoatly  due  to  an 
accumulation  of  purdy  local  impurities,  as  it  will  be  seen  that 
^fhenever  the  sir  was  very  impore  it  always  got  much  purer  when- 
ever the  wind  increased.  These  Dumfries  observataons  are  evidently 
of  less  value  than  the  Kingairloch  ones  for  investigating  the  relation 
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between  the  transparency  and  the  dust  and  humidity,  becanae  the 
ail  at  the  formei  place  being  polluted  by  local  canaes,  it  la  probable 
there  would  be  a  want  of  unifonDity  in  the  aii  at  different  points 
near  each  other,  and  in  the  air  from  time  to  time.  This  was  con- 
firmed by  the  observations.  The  numbers  Tailed  a  good  deal  at  short 
intervale.  The  effect  of  the  wind  in  reducing  the  number  of  partidea 
may  be  noticed  also  in  the  Kingairloch  and  Alford  obeerrations. 

There  is  a  point  of  some  interest  bionght  out  by  a  comparison  of 
the  Dnmfriea  and  Eingaiiloch  Dbaervations  to  which  it  may  be  worth 
while  directing  att«ntion.  It  is,  that  while  the  tranapaiency  of  the 
air  depends  on  the  amount  of  dust,  and  on  the  humidity,  or  degree 
of  saturation  of  the  air,  it  would  appear  that  the  thickening  effect 
of  the  humidity  depends  on  the  temperature,  that  is  on  the  tension 
of  the  vapour.  For  instance,  a  humidity  which  gives  a  depreaeion 
of  4*  at  a  temperature  of  60°  has  a  much  greater  thickening  effect 
than  die  same  depression  at  60°.  This  might  have  been  anticipated, 
but  it  wae  only  while  the  Dumfries  teste  were  being  made  that  it 
waa  thought  that  the  air  was  clearer  for  the  same  humidity  than  it 
was  at  Eingaiiloch.  An  examination  of  the  figures  in  the  table 
rapports  this  condufflon.  For  instance,  take  the  following  examples 
when  the  air  bad  about  the  same  amount  of  dust  and  about  the 
same  depression  of  the  wet  bulb. 


6a.  July 

leoa 

s 

04 

Thick. 

6tli  Jalj 

lODO 

i 

61 

Thick. 

6th  Not. 

1380 

i-e 

so 

Clew. 

2»tliOct. 

1200 

*e 

■60-6 

Medium. 

Compare  the  aboTe  observations  when  the  dust  and  the  wet  bulb 
depression  were  similar.  In  July,  when  the  lempoiatnie  was  over 
60',  the  air  was  thick,  whereas  in  October  and  NoTcmber,  when  the 
tempentoie  was  10°  lower,  the  air  was  clear  or  medium.  The 
other  figures  mostly  point  in  the  same  direction.  The  air  obeeiTed 
on  Ben  Nevis  would  probably  not  have  been  nearly  so  clear  if  its 
temperature  had  not  been  low. 

This  result  I  have  said  might  have  been  anticipated,  because 
It  the  higher  temperature  with  the  same  wet  bulb  depression  the 
vapour  tension  will  be  considerably  greater  than  at  the  lower,  and 
each  particle  will  attach  to  itself  a  greater  amount  of  vrater.     These 
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conclusions,  however,  require  many  more,  and  mnch  moie  carefully 
conducted  expeiimenta  to  prove  them  BBtiafactorilf.  The  objections 
to  the  Dumfries  observations  are  many.  First,  the  dtuation  is  low, 
and  the  doat  vould  tend  to  collect  there  to  an  nndne  amoant 
Second,  the  humidity  1b  too  high,  owing  to  this  station  being  near 
water,  so  that  while  the  dust-connter  and  the  thermometers  gave 
the  condition  of  the  air  in  the  valley,  the  teste  for  transparency 
were  necessarily  made  through  a  higher  stratum  of  air,  in  which 
both  duet  and  humidity  would  probably  be  lees.  Then  again,  the 
difBculty  of  estimating  transparency,  and  also  in  comparing  these 
estimates  made  at  different  stations.  The  different  hilla  visible  at 
each  station  should  have  been  graduated  ofi^  and  used  as  a  scale  of 
transparency.  This,  however,  was  not  done  till  the  last  observations 
were  made. 

Though  these  results  should  be  received  with  caution,  yet  I  think 
it  will  be  admitted  that  they  clearly  point  to  an  interestmg  line  of 
enquiry,  and  encourage  us  to  push  on  our  investigations  into  tiie 
dust  in  the  atmosphere.  I  may  remark  tiiat  it  is  advisable  not  to 
make  comparisons  of  these  tests  when  the  wet  bulb  is  depressed  only 
abont  1°,  because  when  the  saturation  is  so  great,  accuracy  can- 
not be  attained,  as  local  conditions,  such  as  wet  trees,  the  exposure 
of  the  bolbs,  &&,  may  cause  an  error  equal  to  the  whole  depression. 

The  Dumfries  observations  show  an  interesting  relation  between 
the  weather  and  the  amount  of  dust  in  the  air.  During  the  whole 
time  the  weather  remained  dull  and  thick,  the  air  was  highly  charged 
with  dust  Another  important  point  was  that  when  the  clouds 
cleared  away,  dense  fogs  formed,  owing  probably  to  the  great 
radiating  power  of  the  air,  dne  to  the  great  amount  of  dust  in  it  It 
will  also  be  noticed  that  on  the  fine  days  the  air  bad  generally  little 
dnat  in  it 

The.  conclusion  forced  upon  us  by  a  consideration  of  all  these 
observations  is  that  the  dust  in  onr  atmosphere  condenses  vapour 
when  the  air  is  far  &om  being  saturated.  It  seems  probable  that 
in  all  states  of  humidity  the  atmospheric  dust  has  some  moisture 
attached  to  it,  and  that  as  the  humidity  increases  the  load  of 
moisture  also  increases ;  and  further,  all  observation  seems  to  point 
to  this  form  of  condensation  producing  even  a  very  thick  condition 
of  the  atmosphere  before  the  ait  is  quite  saturated.     The  observa- 
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tiona  mad«  on  the  Bigi,  when  the  mountain  top  was  covered  with 
clond,  pointa  to  tba  fonuation  of  even  this  dense  form  of  condensa- 
tion in  DDsatnnted  air.  It  most  be  admitted  that  the  Rigi 
obaeryatioos  of  the  humidity  on  Uub  day  aie  not  vety  reliable,  and 
the  subject  might  be  dismissed  were  it  not  that  there  aie  many 
observations  made  by  other  observers,  on  Ben  Kevie  and  elsewhere^ 
which  point  to  the  some  concIusioiL 

There  is  another  point  to  which  I  can  only  call  attention  at 
pieeeot,  as  it  has  not  yet  been  investigated.  It  has  reference  to  the 
effect  of  the  direction  of  the  wind  on  the  thickness  of  the  air.  It 
has  been  sometimes  tliought,  while  these  tests  were  being  made, 
that  with  certain  directions  of  wind  the  air  was  unduly  thick  for 
the  number  of  particles  and  the  humidity.  This  would  imply  that 
the  dust  particles  brought  by  certain  directions  of  wind  were  larger 
or  more  hygroscopic  than  those  brought  from  other  directions. 
This  seems  possible,  as  it  is  the  winds  from  inhabited  districts  that 
are  eospected  of  being  unduly  thick.  As  tbeee  bring  the  sulphur 
I«odncts  formed  in  burning  coal,  it  seems  possible  they  may  be 
charged  with  vapour  condensing  particles.  This  point,  however,  is 
one  that  requires  farther  investigation. 

Apparalm  far  TetUng  the  Goadenting  Ptmer  of  Dud. 
While  on  the  subject  of  the  condensing  power  of  dust,  or  the 
aflSnity  of  atmospheric  dust  for  vapour,  I  may  here  refer  to  some 
experiments  made  a  year  or  two  ago  on  this  point  The  principle 
I  then  tried  to  develop  was  to  collect  the  atmospheric  dnat  on  ^aas 
platee,  and  test  if  water  vapour  condensed  on  the  deposited  dust 
in  nnsaturated  air.  The  foUowing  was  the  plan  adopted  of  carrying 
ont  this  idea.  First  as  to  Uie  method  of  collecting  the  dust  This 
was  done  by  plaoiug  ^lass  plates  inaide  a  thermometer  screen,  a 
room,  or  wherever  it  was  desired  to  get  ^le  dost  to  be  tested.  These 
plates  were  eometimes  placed  horisontally,  and  the  dust  allowed  to 
fall  on  them.  Another  plan  of  collecting  the  dust  was  to  deposit 
it  on  the  glass  plates  by  the  method  used  in  my  thennic  filter.  If 
it  was  desired  to  collect  the  dust  inside  a  room  by  this  method,  tiie 
glass  plate  was  placed  vertically  and  in  close  contact  with  one  of 
the  panes  of  glass  in  the  window.  The  plate  was  kept  in  \ia  place 
1^  means  of  a  little  india-mbbOT  solntion.     As  this  pUte  was  colder 
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than  tbo  air  in  tlie  room  the  dost  was  deposited  apon  it  If  it  was 
desind  to  collect  the  dust  ia  the  outer  air,  the  pUto  of  f^fws  was 
attached  to  the  outaide  of  the  window  pane,  but  kept  at  a  diatauoe 
of  two  or  three  miliimetiw  from  it.  It  was  held  in  ite  placs  by  the 
indift-mbber  aolntioD,  four  pieces  of  sheet  indift-rubber  being  fixed  at 
the  comers  to  beep  the  plate  away  from  tha  windoir  glass.  By  this 
arrangement  the  outaide  aii  ciroulated  in  the  space  betweem  the 
ontsida  plate  and  the  window,  and  as  this  air  got  heated  on  tha 
window  pane  it  waa  warmer  tban  the  plate  and  deposited  its  dost 
on  its  cold  snrface.  It  may  be  mentioned  that  the  plates  used  for 
collecting  the  dost  were  small  pieces  of  glass  miiror  about  10  cm. 
•quale.  Minora  were  used,  as  the  condensed  vapour  is  more  eaaUy 
detected  on  them  than  on  clear  glass. 

Having  colloated  the  dust  in  either  of  theae  ways,  its  condensing 
power  was  tested  in  the  following  manner,  A  small  cell  was  pr»- 
parad  about  1  cm.  square  and  1-6  cm.  deep,  and  open  at  the  top. 
The  top  edge  of  the  cell  was  covered  with  a  thickness  of  india-rubber. 
The  dosty  plate  was  placed  so  as  to  f  onn  a  cover  to  the  cell,  being 
held  down  by  means  of  spring  catohee ;  the  india-rubber  enabled  the 
plater  to  make  a  water-tight  joint  with  the  cell  The  cell  waa  pro- 
vided with  two  pipes,  one  for  taking  in  water  and  the  other  for 
taking  away  the  overflow.  A  theimomater  was  fixed  with  its  bulb 
occupying  the  centre  of  the  cell;  and  farther  the  cell  was  provided 
with  a  Htirrer,  The  whole  airangemant  was  almost  exactly  the  same 
aa  a  Dinea^  hygrometer.  The  dusty  plate,  before  it  was  put  in  its 
position,  had  the  dust  carefully  cleaned  off  one  half  of  it,  bo  that 
when  put  in  its  placa  one  half  of  the  glass  covering  the  cell  was 
dusty  and  the  other  half  clean.  Cold  water  was  then  run  Uuongh 
the  cell  and  the  temperatuie  of  the  plato  gradually  lowered,  ttie 
plate  meanwhile  bdng  cloeely  watched  to  see  when  coudenaation 
began  on  the  different  halves,  and  the  temperature  noted  when  it 
b^an  on  the  dusty  half  and  when  it  began  on  the  dean  part,  and 
the  difTerence,  if  any,  noted.  In  this  way  a  measure  of  the  con- 
densing power  of  the  dust  was  obtained,  as  the  difference  between 
these  two  temperatures  gives  the  temperatuie  above  the  dew-point 
at  which  the  dust  condensed  vapour. 

It  will  be  noticed  that  the  plates  for  collecting  the  dust  were 
much  larger  than  the  celL    By  this  means  the  cooled  surface  over 
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the  cell  was  Bantnioded  hj  an  nncooled  part  irf  the  plate,  and  any 
change  in  the  appeennce  of  the  cooled  diut  conld  be  easily  detected 
by  oontrait  with  the  BurrDonding  area. 

The  fint  thing  to  be  done  was  to  teat  the  working  of  the 
apparatns,  and  see  how  it  acted  with  dusts  of  known  composition 
aod  known  condensing  power.  For  this  pupose  smoke  of  burning 
magnesium,  gunpowder,  and  eoditun  waro  used — the  £ret  on 
account  of  its  small  affinity  for  water  vapour,  the  second  for  its 
condensing  power.  It  is  well  known  that  the  smoke  from  gna- 
powder  is  far  more  dense  in  damp  than  in  dry  weather,  the  difference 
being  due  no  doubt  to  the  condensation  which  takes  place  on  the 
smoke  when  the  aii  is  damp.  While  sodium  smoke  was  selected 
on  account  of  its  great  affinity  for  water.  The  smoke  of  these  sub- 
stances was  produced  by  burning  a  little  of  them  in  an  enclosed 
space,  the  test  platee  were  placed  in  the  enclosure,  and  the  smoke 
allowed  to  fall  on  them.  The  raiirois  with  the  deposited  dusts 
were  then  tested,  and  their  condensing  powers  measured,  with  the 
following  result: — Magnesia  was  found  to  condense  at  almost 
exactly  the  same  temperature  as  the  glass,  but  gunpowder  smoke 
began  to  show  signs  of  condensing  at  a  temperature  6*  above  the 
dew-point ;  while  the  soda  condensed  f  apoui  from  ait  at  a  tempera- 
tuie  17°  above  its  dew-point.  In  making  these  tests  it  is  necessary 
that  the  aii  in  the  room,  where  the  testing  is  done,  be  very  dry, 
otherwise  the  beginning  of  the  condensation  on  the  dust  cannot  be 
detected,  because  the  dust  surrounding  the  cooled  surface  already 
has  some  moisture  condensed  on  it  To  overcome  this  difficulty  it 
was  customary  to  heat  and  dry  the  plal«e  before  testing  them. 

The  diSerant  kinds  of  dust,  when  tested  in  this  way,  having  thus 
shown  a  distinct  difference  in  their  affinities  for  vapour,  t«sts  were 
now  mode  of  the  dust  collected  from  the  atmosphere.  It  is  un- 
necessary to  go  into  the  detail  of  these  experiments,  as  although 
they  distinctly  point  to  atmospheric  dost  having  an  affinity  for 
water  vapour,  and  this  affinity  seemed  to  vary  with  the  dust,  yet  the 
method  of  testing  is  not  very  accurate.  As  the  condensation  begins 
by  imperceptible  degrees,  it  is  very  much  a  question  of  quickness 
of  perception,  and  carefulness  of  woricing,  that  determines  when  the 
fint  appearance  of  condensation  will  be  detected ;  and  even  the  first 
appearance  is  not  the  real  tx^inning,  but  only  the  state  at  which  it 
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has  become  visible  to  the  observei.  It  may,  however,  be  mentioned 
that  duBt  collected  in  a  emoking-room  showed  a  decidedly  gteatoi 
GODdensing  power  than  that  from  the  outer  air.  Of  ten  teats  made 
with  dust  from  the  emoking-room,  the  duet  that  had  the  least  con- 
denetng  power  showed  condensation  at  a  temperature  of  2°-2  above 
the  dew-point,  whilst  the  most  powerfully  condensing  dust  con- 
densed at  4°'5  above  the  dew-point,  while  the  mean  of  the  ten  gave 
3°  above  the  dew-point  Of  the  ten  tests  of  the  dust  from  the 
outer  air,  the  lowest  showed  a  condensing  point  of  1°'8  above  the 
dew-point,  and  the  highest  of  3*2,  and  a  mean  of  2''3.  It  should 
be  mentioned  that  the  depQi  of  the  deposit  did  not  seem  to  have 
any  influence  on  the  condensing  power  of  the  dust,  as  the  amount 
of  dust  that  collected  in  one  day  gave  about  the  same  effect  as  that 
collected  in  thirteen  days. 

This  condensing  power  of  dust  would  seem  to  explain  why  it  is 
that  the  glass  in  picture  frames,  and  other  places,  frequently  looks 
damp  when  the  air  is  not  saturated.  The  same  damp  deposit  may 
be  eanly  seen  on  windows  during  cold  weather,  particnlarly  if  they 
have  not  been  cleaned  for  some  days.  The  damp-looking  deposit 
can  be  easily  detected  by  cleaning  a  small  part  of  the  pane.  The 
cleaned  part  will  remain  nndewed,  while  the  surface  soiroanding  it 
win  be  damp,  and  be  greasy  when  mbbed.  I  need  not  say  that  a 
certain  degree  of  hnmidity  in  the  air  is  necesaaiy  for  seeing  this 
clearly,  as  the  glass  must  be  cooled  by  the  outer  air  to  near  the 
dew-point  of  the  air  in  the  room.  Again,  this  condensing  power  of 
dust  may  in  part  explain  the  reason  why  it  is  so  necessary  to  keep 
electrical  apparatus  free  from  dust,  if  we  wish  the  insulation  te 
be  good.  The  damp  collected  by  the  dust  will  decrease  the  insulat- 
ing power  of  the  glass  or  other  insnlator. 

Dust  and  Condeneaticn. 
We  have  seen  that  these  observations  all  point  to  the  conclusion 
that  moisture  is  deposited  on  the  particles  of  atmospheric  dust  in 
air  which  is  not  saturated.  This  condenaation  seema  to  take  place 
while  the  air  is  comparatively  dry,  and  the  amount  deposited  in- 
creases with  the  hnmidity.  The  deposit  which  takes  place  under 
these  conditions  will  probably  be  caused  by  the  afBnity — chemical 
or  sorCaoe — of  the  particles  for  vapour,  while  true  cloud  coadensatios 
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seems  only  to  begin  when  tlie  air  ia  near  the  point  of  eataistion. 
There  seems  no  definite  degree  of  humidity  necessary  for  the  first  form 
of  condeiuation  to  begin,  or  if  there  ia,  it  begins  while  the  air  is 
very  dry,  and  by  audi  imperceptilile  degrees,  it  has  not  been  noticed. 
There  ia  no  hard  and  fast  line  between  what  we  call  clear  air  and 
thick  haze.  The  clearest  air  haa  some  haze,  and  the  effect  of  in- 
creasing humidity  ia  to  increase  the  thickness  of  the  air.  But  from 
clear  air  up  to  cloudy  condenaation  there  ia  no  real  difference  in 
kind,  only  in  the  amount,  of  the  thickening.  But  when  dondy 
condensation  begins,  a  real  change  in  the  nature  of  the  condensation 
takes  place.  The  dost  particles  have  now  no  tendency  to  condenae 
the  Taponr;  each  particle  seema  to  have  got  its  affinity  satisfied,  and 
tme  condensation  begins,  owing  to  the  tendency  of  the  saturated 
vapooi  to  condense.  The  affinity  of  the  particles  has  now  little 
iofluence,  but  the  nze  of  the  difierent  particles  haa ;  the  larger  onea 
getting  the  most  moistnte  deposited  on  them.  All  the  partiolea  at 
this  stage  seem  to  cease  to  attract  the  vapour,  and  the  vapour  ia  no 
longer  deposited  on  the  whole  number  of  particles ;  but  a  compara- 
tively amall  proportion,  and  these  the  larger  particles,  receive  the  whole 
of  the  condensing  molecules.  This  seems  to  be  the  reason  why  at 
about  aatuistion  a  change  occurs  in  the  appearance  of  the  condensa- 
tion, a  sudden  thickening  of  the  air  takes  place  along  with  an 
increased  light  reflecting  power. 

It  might  be  thought  that  if  this  incipient  condensation,  due  to 
affinity,  took  place  before  the  tme  condensation,  then  there  ought 
to  be  some  evidence  of  it  in  the  every  day  phenomena  of  nature. 
For  instance,  does  the  upper  moving  front  of  a  cumulus  cloud  show 
this  incipient  stage  of  condensation?  At  fiiet  sight  we  might 
expect  it  would.  I  do  not  think,  however,  that  it  has  been  noticed, 
possibly  owing  to  the  conditions  necessary  for  seeing  it  not  being 
easily  obtained.  We  cannot  expect  to  see  it  at  the  upper  surface 
after  the  cloud  ia  formed,  the  transition  at  that  anrface  from 
saturated  to  dry  air  is  far  too  sudden.  K  we  are  to  see  it,  in  the 
formation  of  a  cumulus  cloud,  we  must  look  for  it  just  before  the 
cbud  begins  to  show,  in  the  clear  and  rising  air,  where  it  is 
possible  we  may  find  a  thickening  taking  place  before,  and  at  a 
lower  level,  thou  that  at  which  the  true  cloud  condensation  b^ins. 
This  as  yet  has  not  been  observed,  but  in  other  conditions  the 
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gtsdnal  thlckenJiig  has  bees  frequently  seen.  At  the  Italian  lakes, 
on  many  occasions,  when  the  air  was  damp  and  still,  there  has  been 
noticed  in  close  {woximitj  every  stage  of  condensation,  not  divided 
by  the  hard  line  aeually  observed,  but  where  it  was  impossible  to 
say  where  the  thick  air  ended  and  the  cloudy  b^n.  Again,  this 
giadoal  chai^  can  often  be  seen  in  the  sky  overhead.  With 
approaching  change  of  weather,  the  sky  is  often  seen  to  change  by 
imperceptible  degrees  from  perfect  transparency  to  "thick,"  and 
than  to  clond.  It  is  very  doubtfnl  if  we  are  entitled  to  expect  to 
find  any  well  defined  haee  in  the  ur  immediately  Boironnding 
clonds,  as  we  do  not  know  sufficient  about  the  conditions  existing 
there.  It  may  be  as  well  to  note  here  that  on  all  occasions  on 
which  I  have  had  an  opportunity  of  making  obaervations  on  tida 
point,  that  the  transition  from  moist  air  in  the  cloud  to  diy  air 
immediately  outside  it  was  very  rapid,  so  rapid  as  to  give  only  a 
sharp  outline. 

Hcae. 
The  conclusion  to  which  these  observationa  point  is  that  haie  is 
caused  by  the  dust  in  our  atmosphere,  and  that  this  dust  has  in 
almost  all  d^^rees  of  humidity  more  or  leas  water  attached  to  it.  A 
thick  haze  may  be  the  result  of  much  duat  and  little  moistnie  or  of 
little  dust  and  much  moisture,  bat  the  moisture  less  than  saturation. 
According  to  this  view,  in  most  conditions  of  our  atmosphere,  b»*« 
is  but  an  attenuated  or  arrested  form  of  condensation — arrested  for 
want  of  moisture,  or  it  may  be  a  decayed  form  of  condensation,  that 
is,  cloudy  condensation  changed  to  haze  by  the  reduction  of  its 
humidity,  poadbly  by  rise  of  temperature,  and  the  fog  parties 
evapcnated,  till  they  hold  only  the  water  of  attraction.  If  the 
humidity  be  decreased  still  further  the  haie  clears  more  and  more, 
but   the   dry  dust  still  has   a  hazy  or  thickening  effect  on  the 


This  conclusion  is  confirmed  by  an  examination  of  the  figntea  in 
the  table,  where  it  will  be  seen  that  whenever  the  air  was  dry 
and  hazed  there  was  much  dust  in  it,  and  that  as  the  dust 
decreased  the  haze  likewise  decreased.  It  is  well  known  that  hot 
weather  is  often  accompanied  by  a  thick  haze.  The  explanation  of 
this  would  appear  to  be,  that  during  hot  weather  we  have  generally 
much  duat  in  the  air,  and  further  as  has  been  already  e^ilained 
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this  dost  owing  to  the  high  temperature  haa  much  moisttiTe  attached 
to  it,  even  thoagh  the  air  18  what  is  called  6ij.  The  conclusion  we 
have  come  to  is,  that  though  there  may  be  o^er  cauaas  of  haie,  yet 
doat  IB  goneisllf  the  esaae  of  it 

Notes  from  Vie  Bigi  Ktdm. 

Wliile  at  the  Bigi  Knkn,  I  observed  a  few  meteorological  pheno- 
mena which  may  be  briefly  referred  to  here,  as  they  have  some 
bearing  on  oni  salgect.  On  my  arrival  at  midday  on  the  21st  of 
May,  the  hill  top  was  ooverod  with  clouds,  and  we  remaiiied  all 
day  in  a  thick  fog.  However,  aa  the  afternoon  advanced,  an 
occasional  glimpm  was  obtained  of  some  of  the  higher  Alps  of  the 
south,  standing  clear  above  the  mass  of  cload  which  filled  in  the 
valleys,  and  from  time  to  time  enveloped  the  place  of  observation. 
These  unfortunately  were  bat  limited  and  passing  glimpses,  and  all 
to  the  west  was  blocked  with  clouds.  At  last^  however,  ahoitly 
before  the  son  dipped  below  the  horison,  the  clouds  bq^  to  clear 
overhead,  and  at  last  they  rolled  away,  and  the  top  of  the  Sigi 
stood  dear  above  a  billowy  mass  of  doada,  and  the  western  sun 
mddenly  burst  out  brilliantly,  dissipating  in  a  moment  the  dull 
chill  oppresuon  of  the  fog.  So  sadden  and  welcome  was  the  change^ 
that  the  few  who  were  waiting  on  the  moonbun  top,  in  the  almost 
f<^om  hope  of  seeing  the  setting  sun,  raised  a  cheer  of  welcome ; 
a  cheer  which  rose  simultaneously  from  every  one,  and  could  not 
have  been  mote  real,  spontaneous,  and  stirring  had  we  been  a  body 
of  son-worshippers  welcoming  our  divinity. 

The  change,  however,  was  momentaiy,  for  soon  another  mass  of 
cloitd  passed  across  the  hill  top  and  obeoored  the  view,  but  not  for 
long,  and  it,  in  turn,  was  foUowed  by  another,  each  succeeding  mass 
being  less  than  the  previous  one,  while  each  glimpse  showed  the 
west  to  be  clearing,  and  at  last  no  clouds  rose  above  the  mountain, 
and  a  magnificent  view  was  obtained  all  round.  Occasional  openings 
in  the  donds  bdow  gave  passing  views  of  the  lakes  and  valleys  low 
down  near  the  base  of  the  mountain,  but  on  this  occasion  the  great 
attraction  waa  the  doud  scenery.  In  most  directions  there  extended 
a  vast  sea  of  clouds,  the  uppai  sorface  of  which  was  slightly  lower 
than  the  point  of  view.  This  wide  ares  of  douds  extended  nearly 
levd  as  fai  as  the  eye  could  see,  its  upper  surface  brillisntly 
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iUnminated  hj  the  setting  sun.  It  looked  like  a  vast  sea  over 
whose  waves  giaritation  had  ceased  to  hold  eway,  and  whose  traten 
were  Inmnons  with  condensed  ennsbine. 

When  the  hill  top  began  to  emerge  from  the  clouds  and  to  be 
only  occasioiuilly  covered  with  fog,  aa  each  fog  mass  cleared  awaj 
to  the  east  and  let  the  son  shine  on  ns,  we  saw  our  shadows  cast  by 
the  setting  sun  on  the  retreating  bank  of  cloud,  "  glories  "  sarrooiid- 
ing  the  shadow-heads.  Aroand  the  shadow  of  his  head  each 
observer  saw  a  coloured  halo ;  near  the  shadow-head  there  was  a 
small  Inminons  but  coloarlesa  halo,  and  round  this  a  runbow-like 
circle  of  colours,  violet  being  inmost  and  red  outside.  When  this 
coloured  circle  was  briUiant  another  circle  of  coloore  immediatelj' 
onteide  was  seen,  and  having  the  colours  in  the  same  order  aa  the 
first 

After  this  display  of  ooloai  in  the  east  had  come  to  an  end,  and 
no  more  clouds  passed  over  the  hill  top,  owing  to  the  air  being 
now  dear  to  the  west,  an  interesting  display  of  colonr  took  place 
in  the  west.  At  a  point  between  the  sun  and  the  observer,  Uiere 
was  a  break  in  the  cloud  stratum,  and  the  air  seemed  to  be  rising 
through  this  opening,  and  tearing  the  eaatam  edge  of  the  cloud  into 
fragments,  which  it  carried  from  the  dark  shadow  up  into  the  sun- 
light Here  these  fragments  were  rapidly  dissolved  in  the  dryer  air 
above,  and  as  they  dissolved  they  gave  rise  in  their  dying  moments 
to  a  brilliant  display  of  opalescent  colours,  the  different  parts  of 
the  vanishing  fragments  taking  on  the  most  brilliant  colonis,  and 
changing  from  one  colour  to  another,  and  then  vanishing  so  qnickly 
that  it  was  impossible  mentally  to  follow  the  rapid  display. 

The  display  of  opalescent  colours  in  the  sky  has  been  commented 
on  a  good  deal  during  the  last  few  years,  and  Professor  Tait  has,  I 
,  think,  remarked  that  it  must  take  place  oftener  than  ia  imagined. 
There  does  seem  to  be  a  probability  of  it  occurring  often,  but  the 
conditions  necessary  for  the  eye  perceiving  it  do  not  seem  to  be 
frequent.  On  this  occasion  the  colours  were  seen  against  a  dark 
background,  formed  by  the  shadowed  eastern  edge  of  the  clond. 
These  colours  were  seen  near  the  sun,  at  only  a  small  angle  from 
it,  and  it  would  appear  they  are  produced  in  the  same  way  as  the 
colours  in  halos  seen  round  the  sun.  In  experimenting  artificially 
with  these  halos,  it  may  be  observed  that  the  particular  colour  does 
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art  depend  on  the  angle  at  nhicli  it  ia  seen,  but  that  it  depends 
■ho  on  the  sixe  of  the  fog  partide  producing  it  For  instance,  if  ve 
produce  a  cloudy  condensation  in  a  closed  vessel  placed  between  us 
and  a  ligbt^  the  light  is  eorronnded  by  a  coloured  hab,  but  the 
colour  at  any  particular  angle  is  not  constant,  but  changes  as  we 
change  the  size  of  the  fog  particles ;  so  that  if  ve  have  two 
quantities  of  air,  each  with  different  sized  particles  in  it,  uid  both 
of  these  seen  at  the  same  angular  distance  from  the  sun,  we  will  see 
different  colouis  at  the  same  angle  and  close  to  each  other. 

This  mixture  of  colours  producing  the  opalescent  effect  may  be 
produced  artificially.  All  that  is  necessary  is  to  place  a  vessel  of 
hot  water  nearly  in  a  direct  line  between  the  observer  and  a  bright 
light  As  the  condensed  vapour  rising  from  the  hot  water  re^vapor- 
ates,  tite  particles  which  were  at  first  too  large  to  give  colour  effects 
shine  out  in  brilliant  colours  when  vaporiEed  to  the  size  necesaaiy  to 
give  the  result  As  the  rising  strata  of  aii  having  different  sized 
particles  in  them  are  close  to  each  other,  different  colours  are  seen  in 
close  proximity,  and  as  the  size  of  the  particles  diminishes  rapidly  the 
coloniH  change  quickly.  These  colours  are  best  seen  when  the  steam 
is  seen  against  a  black  surface,  and  the  eye  shaded  from  the  direct 
light  of  the  lamp. 

On  this  evening  on  the  Eigi  bnlliantly  coloured  rings  were  also 
wen  snrroiinding  the  sun  when  jost  setting.  The  rings  changed  too 
rapidly  for  anything  definite  to  be  noted.  These  rings  did  not  appear 
when  a  foggy  cloud  passed  over  the  sun,  but  when  there  was  only  a  fins 
haze ;  that  is,  the  cloud  particles  were  too  large  to  produce  colours, 
and  it  was  only  when  they  were  nearly  vaporized  that  the  effects 
were  produced. 

All  the  brilliant  display  of  colour  we  were  favoured  with  on  the 
21st  waa  gone  by  the  following  day.  The  morning  of  the  22nd 
was  fine,  the  clouds  had  all  settled  down  to  a  much  lower  level, 
to  about  1000  feet  below  the  top  of  the  mountain,  and  the  upper 
surface  of  the  cloud  stratum  hod  now  become  more  irregular, 
cumulus  shapes  tending  to  form  at  different  places.  During  the 
lest  of  my  visit  to  this  station  the  clouds  gradually  cleared  away 
and  the  weather  was  fine,  and  there  were  no  other  opportunities  for 
seeing  these  interesting  colour  phenomena. 
When  working  at  an  elevated  position  such  as  the  Bigi  Enlm, 
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one  frequently  observee  a  great  dlfferenoe  in  the  condition  of  tba 
npper  and  lower  aire ;  and  while  making  tlie  obaeirationa  on  the 
tranaparenoy  of  the  npper  air  which  are  entered  in  the  table,  a  note 
was  at  the  same  time  kept  of  the  etato  of  the  lower  air  ae  it  changed 
from  hour  to  hour.  Aa  theae  Utter  obeerrations  bear  dimcUy  on 
OUT  Buhject,  I  shall  here  make  some  extracts  from  my  note-book, 
aad  owing  to  the  kindness  of  M.  BillwiUer  of  the  Swiss  Meteoro- 
logical Office,  Zurich,  I  am  enabled  to  giro  the  condition  of  the  air 
with  i^rd  to  hnmidity  at  difieraut  places  at  the  lower  levels  on 
the  dates  coReBponding  to  ttie  Sigi  observations. 

Of  the  Swiss  observationB,  those  taken  at  Lucerne  and  Gersan  are 
the  most  suitable  for  onr  pnipose,  as  Lucerne  is  situated  down  the 
lake  while  Gersau  is  np  the  lake  and  on  the  opposite  side  of  the 
EigL  So  that,  while  the  Lucerne  observationB  may  be  taken  to 
represent  the  condition  of  the  air  towards  the  north  of  the  Bigi, 
and  the  more  open  and  inhabited  parts  of  Switzerland,  the  Geisan 
ones  will  represent  the  condition  of  the  air  to  the  sonth  and 
mountainous  parte. 

On  the  2lBt,  owing  to  the  fog,  no  view  could  be  got  of  the  lower 
air.  On  the  morning  of  the  22nd  the  view  was  still  closed  by  the 
Btratnm  of  clouds  covering  the  country  to  the  north.  In  the  after- 
noon, however,  these  clouds  cleared  away  sufficiently  to  show  the 
condition  of  the  lower  air.  In  my  notes  it  is  recorded  that  the  air 
high  up  was  fairly  clear ;  but  on  looking  down  to  lakes  and  valleys 
it  was  deddedly  thickieb,  and  in  the  eveiung  the  air  to  the  north, 
east,  and  west  was  very  thick,  while  to  the  south  it  did  not  tiiickat 
Turning  now  to  the  Swiss  Meteorological  Report  for  this  day,  I  find 
that  at  1  P.M.  the  air  to  the  north  gave  a  depression  of  the  wet  bulb 
of  1°'2  C.^while  that  to  the  south  gave  S'O  C  But  as  the  evening 
advanced  the  humidity  at  Lucerne  increased,  and  at  9  r.x.  the  de- 
pression was  only  1°  C.,  while  at  Qeteau  Uie  depression  had  increased 
to  7''6  C.  Here  we  have  a  clearly  indicated  relation  between  the 
trauEporency  and  the  humidity.  The  observationB  on  the  hill  top 
being  made  in  the  afternoon,  the  air  to  the  north  would  be  mote 
nearly  satunted  than  it  was  when  the  1  p.h.  readings  were  taken ; 
that  is,  the  depression  would  be  less  than  1°  C,  and  as  stated  the 
air  looked  thickish.  In  the  evening  it  got  very  thick  owing  to  the 
humidity  increasing,  the  wet  bulb  depression  decreasing  to  only 
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1  °  C.  Sow  note  the  diSeience,  the  air  to  the  eonth  did  not  thicken 
in  the  erening,  this  was  owing  to  the  aii  on  this  side  of  the 
motuitaiii  getting  diyer  as  the  evening  approached. 

On  the  morning  of  the  23rd  the  air  low  down  was  thick  all 
round,  owing  to  the  hninidity  being  high  on  both  sides  of  the 
mountain.  At  Lnoenie  the  depression  was  only  2°  C,  and  at  Geisan 
only  1**4.  In  the  afternoon  matters  changed,  and  became  mnch  the 
iBuie  as  the;  were  on  the  afternoon  of  the  previous  day.  The  air 
to  the  aoath  was  clear  low  down,  bnt  to  the  north  it  was  thick  and 
h&Ej.  To  the  north  the  wet  bnlb  depiesaion  was  6°'2  C.  at  1  p.m., 
and  fell  to  2*  at  9  p.h.,  while  in  the  south  it  was  3°-7  C.  at  1  f.h., 
and  increased  to  7°7  C.  in  the  eyening.  Here  again  may  be  ob- 
asrred  the  same  relation  between  the  tranHpaiency  and  the  humidity. 
The  only  difference  of  importance  in  the  air  on  Uie  22ad  and  23rd 
was  a  stnnge  blackness  in  the  air  to  the  north  on  the  23rd  which 
had  not  been  observed  on  the  previous  day. 

On  the  21th  and  2fith  nothii^  special  was  noted  in  the  lower  ur 
in  the  different  directions  On  both  of  these  days  the  air  was  dear 
both  high  up  and  low  down,  and  on  looking  at  the  Swiss  Meteoro- 
logical Eeport  I  see  the  humidity  was  low  on  these  days  in  both  direc- 
tions. At  Lucerne  tiie  wot  bulb  depression  at  1  p.m.  was  as  much  as 
7  °-8  C.  on  the  24th  and  8°-4  C.  on  the  2fith,  and  at  Gersau  it  was  g-'l 
C  and  9°'6  C.  respectively,  and  in  the  evening  the  air  kept  &irly  dry 
at  both  places.  All  through  these  observationB  of  the  air  below  the 
mountain  we  find  the  relation  between  the  humidity  and  the  trans- 
parency to  hold  good.  Increased  dryness  was  always  accompanied 
by  increased  transparency.  I  was  mnch  strack  while  making  these 
observations  with  the  difference  in  the  appearance  of  the  air  low 
down  when  looking  north  and  when  looking  south  of  the  mountain, 
and  thought  it  might  be  due  to  the  amount  of  dust  in  the  two 
directions,  the  thickest  aii  being  towards  the  inhabited  parte  of 
the  country.  At  the  time  I  did  not  expect  this  difference  in  the 
humidity  of  the  air  at  the  two  places  which  the  Swiss  observations 
show.  It  would  be  difficnlt  to  trace  the  cause  of  this  difference  in 
the  humidity  of  the  two  places  which  are  so  near  each  other.  Any 
attempt  to  trace  it  to  direction  of  wind  would  be  difficult  owing  to 
the  influence  of  the  sunonnding  mountains  in  producing  local 
correuts.    It  is  quite  possible  the  difference  in  the  ur  to  the  north 


,,GoogIc 


232  Proceedings  of  Royal  Sodettf  of  Edivburgh.  [sms. 

and  Bonth  of  the  mountain  may  have  partly  been  due  to  the  amount 
of  dnst  in  it,  and  the  blackaeBs  noticed  on  the  23id  may  have  been 
dae  to  this  canse,  as  at  Lnceme  the  wind  in  the  early  morning  of 
that  day  was  blowing  from  the  north,  and  would  bring  poliated  air 
up  from  the  populated  parts  of  the  country.  This  north  wind  did 
not  eeem  to  penetrate  into  the  mountainous  parts  south  of  the  Bigi, 
as  the  wind  at  Gersau  weis  south-west. 

It  may  be  asked.  Is  the  air  at  the  top  of  a  mountain  polluted  to 
any  extent  by  the  valley  air )  Is  the  air  on  the  mountain  top  the 
same  as  we  breathe  in  the  valley,  only  reduced  In  pressure!  'So 
very  direct  answer  can  be  given  to  this  question.  There  seems 
however,  to  be  very  little  doubt  that  the  valley  air  freqnenllj 
rises  to  the  tope  of  hills,  bnt  this  valley  air  will  generally  be  more 
or  leas  mixed  with  the  purer  upper  air,  the  amount  of  impure  air 
depending  on  the  height,  the  shape  of  the  hill,  and  other  causes. 

It  will  be  observed  from  the  observations  made  on  the  25th  of 
May  on  the  Bigi  Enlm  and  at  Yitznau  at  the  foot  of  the  mountain, 
that  there  was  no  very  great  difference  in  the  amount  of  dust  in 
the  air  at  the  two  places.  When  allowance  is  made  for  the  higher 
pressure  at  the  lower  station,  there  was  less  at  the  foot  at  midday 
than  at  the  top  in  the  morning.  For  practical  purposes  we  may 
loot  on  the  dust  on  these  two  occasions  aa  being  the  same,  showing 
that  in  all  probability  the  air  tested  at  the  foot  of  the  mountain 
was  the  same  as  at  the  top.  This,  however,  does  not  prove  that  the 
air  of  the  valley  ascended  to  the  mountain  top,  because  on  this 
occasion  a  strong  wind  was  blowing  and  the  air  was  coming  from 
the  unpolluted  area  of  the  Alps,  so  that  both  the  upper  and  lower 
air  might  have  been  free  from  local  impurities.  The  observations 
made  on  Callievar  showed  there  was  much  less  dust  in  the  air  at 
the  top  than  at  the  foot ;  still  they  also  showed  that  the  air  came 
up  from  the  valley  as  the  numbers  increased  with  a  change  of  wind 
from  a  populated  direction.  The  observations  made  on  Finonillet 
show  the  air  at  that  station  to  he  frequently  very  impure  from  the 
ascent  of  valley  air.  The  Bigi  observations  also  show  that  in  all 
probability  the  valley  air  came  to  the  hill  top  of  course  more  or 
less  dilated  with  pure  sir.  When  there  was  little  wind,  as  on  the 
21st,  the  amount  of  dust  was  small;  but  on  the  23n},  when  the 
wind  began  to  blow,  the  amount  of  dust  gradually  increased  to  a 
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fair  nnmbei  of  particlea,  and  only  decieaaed  after  blowing  some 

When  on  the  Kigi  it  was  also  noticed  when  there  were  clouds 
in  the  valley,  that  the  wind  in  driving  them  along,  also  diQve  them 
np  the  slopes  of  the  mountains,  sometimes  to  the  very  top.  The 
condensation  of  the  moist  air  in  tlie  clouds  supplied  some  of  the  energy 
neceeeaiy  for  the  ascent,  as  in  some  cases  the  clonds  were  seen  to  leave 
the  hill-aide  and  rise  nearly  vertically.  We  therofore  seem  to  have 
very  good  reason  for  Bupix>sing  that  even  at  such  an  isolated  poeitiou 
as  the  Bigi  Kulm  the  aii  is  more  or  less  polluted  with  valley  air.  At 
stations  on  the  tops,  or  on  the  slopes  of  long  ridge-shaped  hills,  the 
air  will  be  practically  valley  air  when  the  wind  is  at  right  angles  to 
the  ridge. 

There  is  another  point  which  I  noticed  at  this  elevated  situation, 
with  which  I  shall  close  theee  Kigi  notes.  It  baa  reference  to  the 
colouring  of  earth  and  sky  seen  at  sunrise  and  sunset  when  observed 
from  the  top  of  mountains.  I  think  the  general  impression  is  that 
the  colouring  is  much  finer  on  these  occasions  when  seen  from  an 
elevation  than  from  the  valley.  N^ow  the  result  of  my  observations 
during  my  stay  at  the  Rigi  Kulm  all  point  the  other  way. 

The  weather  was  favourable  for  seeing  the  sun  rise  and  set  on 
all  the  days  I  was  there,  and  yet  on  none  of  them  did  I  see  any 
display  of  colour ;  indeed,  I  was  much  struck  by  the  want  of  it. 
On  the  S4th,  which  was  the  finest  sunrise  during  the  time,  the  dis- 
tant snows  were  tinged  slightly  red  for  a  few  minutes  only  while  the 
sun  was  just  on  the  horizon;  immediately  it  got  a  very  little  clear  of 
the  horizon  all  colour  was  gone.  The  same  was  the  case  with  the 
sunsets,  greys  predominated  over  other  colours.  Sow  during  this 
time  I  was  told  that,  as  seen  from  Lucerne,  the  sunsets  were  remark- 
ably fine  for  colour  effects.  This  would  seem  to  indicate  that  the 
colouring,  at  least  under  the  conditions  existing  during  my  visit, 
was  mostly  done  by  the  lower  air — that  the  pure  air  between  the 
mountains  and  the  sun  robbed  the  sun's  lays  of  but  little  of  their 
blue  light,  and  that  it  was  the  lower  impure  air  between  the  bills 
end  the  observer  to  which  most  of  the  colouring  was  duo. 

This  supposition,  that  the  lower  dusty  humid  air  is  the  chief 
cause  of  the  colour  in  sunset  effects  is  supported  by  other  observa- 
tions,    When  on  the  top  of  the  mountain  I  frequently  saw  large 
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cnmnlna  doiida ;  the  neat  ones  were  always  snowy  white,  whila  it  Tras 
only  the  distant  ones  that  were  tarnished  ysUow,  showing  that  the 
light  came  to  these  clouds  unchanged,  and  it  was  only  theaithetween 
the  ixt  distant  doads  and  the  observer  that  tamiahed  them  yellow, 
it  required  a  great  distanoe  at  this  elevation  to  give  even  a  slight 
colonring:  It  seems  probable  that  the  Inrid  l^jit  of  thunder  clouds 
owes  its  colourii^  to  the  dnst  and  humidity  of  the  lower  air  Iseing 
BxcesfiivB  at  the  time,  and  that  these  clouds  are  really  white,  if  ire 
saw  them  near  enough,  it  being  the  heavy  moist  air  near  Uie  earth 
which  changes  the  white  to  a  reddish  c^lonr  in  its  passage  to  the 
observer.  We  seem  therefore  to  have  good  reason  for  sappoaing 
that  the  colouring  at  sunrise  and  sunset  will  be  more  brilliant  when 
seen  from  the  valley  than  from  the  mountain  top. 

Ihi»t  and  Wind. 

It  may  now  be  asked,  Are  there  any  other  meteorological  pheno- 
mena connected  with  the  amount  of  dust  in  our  atmoapheiel  It  is 
evidently  rather  soon  to  begin  drawing  conclusions  on  the  relation 
beween  dust  and  many  of  the  complex  phenomena  in  nature,  as  the 
number  of  observations  yet  taken  is  &r  too  small,  and  many  of  them 
are  not  free  ham  local  influences,  which  greatly  reduce  their  value. 
There  are,  however,  one  oi  two  points  to  which  we  may  here  refer; 
but  it  must  he  clearly  nnderstood  that  anything  we  have  to  say  in 
^B  part  of  the  paper  cannot  he  taken  as  indicating  anything 
final.  They  are  given  more  as  suggestions  as  to  some  of  the  many 
points  in  connection  with  our  subject  which  await  investigation. 

One  of  the  first  things  a  meteorologist  is  likely  to  ask  is,  Do  you 
find  any  relation  between  the  amount  of  dust  in  our  atmosphere 
and  the  distribution  of  preesnre  t  Has  the  ur  in  cyclonic  and  anti- 
cyclonic  areas  the  same  amount  of  dust  I  The  answer  to  the  question 
is  easy  and  direct,  but  the  interpietation  of  the  answer  is  more  diffi- 
cult There  is  no  doubt  from  the  observations  here  given  that,  as 
a  rule  there  is  less  dust  in  cyclonic  than  in  anticyclonic  aTeB&  For 
instance,  when  the  observations  were  made  at  Kingnirloch,  on  all 
days  on  which  the  number  of  paiticles  was  low,  a  cyclone  was 
passing  near,  and  on  all  days  the  number  was  great  tha  circulation 
was  anticyclonic  or  complicated. 

To  illustrate  this,  the  diagram  given  on  Plate  No.  1  has  been  pre- 
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parad.  At  the  bottom  of  the  diagram  are  the  dates  on  whlcli  the 
obserrationB  were  made,  and  underneath  the  date  ia  marked  whether 
ihe  Btatioii  was  in  a  cyclonic  or  anticyclonio  area,  A.  indicating  anti- 
cyclonic,  C.  cyclonic,  and  ?  indicating  that  it  could  not  be  aaid  to  be 
in  either  the  one  or  the  other.  In  the  diagram  is  shown  the  number 
of  particles  obaerred  on  each  day.  Each  obeerration,  given  in  the 
table  nferred  to  in  a  previoOB  part  of  thia  paper,  is  indicated  in 
the  diagram  by  a  small  circle,  the  height  of  the  ciiole  above  Uie 
Imw  line  indicating  the  amount  of  dust  on  the  date,  the  scale 
iMiiig  shown  on  the  right  hand  side  of  the  diagram.  Them  duet 
obaerrationa  aie  all  connected  by  means  of  a  dotted  line.  It  will 
1)6  noticed  that  in  a  general  way  the  numbeie  were  least  in  cyclonic 
aiees. 

Plate  Ho.  2  illnstrates  the  same  tiling  for  the  Alfoid  ohaerra- 
ttona.  Here  the  cdronlation  was  anticyclonio  for  the  first  four  days, 
and  the  nnmber  of  partdcloB  was  high.  A  cyclone  passed  on  the 
9th,  and  the  number  fdl  to  about  one-third.  The  ciiculation  was 
doubtful  on  the  10th  and  lltb,  bat  on  the  following  days  it  was 
generally  antjcyclonio,  but  it  will  be  observed  that  the  nnmbeis 
were  low  dunng  the  beginning  of  this  period.  A  coiioas  point  was 
the  great  increase  which  took  place  on  the  16th.  The  nomber  in 
the  morning  was  11S&,  but  it  rapidly  increased  during  the  day,  and 
roee  to  6700  in  the  afternoon.  In  connection  with  this  it  may  be 
interesting  to  note  that  on  the  previous  day  the  centre  of  the  anti- 
eyclone  had  passed  over  this  station,  and  on  the  16th  lay  imme- 
diately to  the  east  of  it. 

Taking  now  the  Dumfries  observations,  which  are  shown  on 
Plate  Xo.  3,  it  will  be  noticed  that  the  relation  between  the 
dust  and  the  barometric  distribution  waa  more  marked  than  in  the 
previous  cases.  The  clrenlation  was  cyclonic  on  the  following 
dates— October  29th,  30th,  Slst,  November  let,  2nd,  6th,  6th,  and 
IKth,  on  all  of  which  datee  there  was  little  dost.  On  only  other  two 
days  was  there  little  dust,  namely,  on  the  26tli  October  and  9th 
November.  On  these  days  the  nnmber  was  low  and*  circulation 
anticyclonic  The  high  numbers  were  all  got  in  anticycionic  or 
complicated  areas. 

Now  comes  tiie  quealion.  What  interpretation  are  we  to  put  on 
these  factst    If  the  anticyclonic  areas  have  more  dust  in  them  than 
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the  cyclonic,  then  this  at  first  eight  might  seem  to  indicate  that 
anticydonic  tut  is  more  impure  than  cyclonic;  that  is,  that  air 
moving  ffom  areas  of  high  preBsare,  which  is  generally  supposed  to 
come  from  the  upper  strata,  has  more  dust  than  that  near  the  eaith, 
which  would  be  equivalent  to  saying  that  metoois  falling  into  our 
atmospheTe  produce  mote  dust  in  the  upper  strata  than  is  thrown 
into  the  lower  by  all  the  sources  of  pollution  on  the  earth's  surface 
iu  country  districts. 

There  is,  however,  evidently  another  interpretation  of  these  facts. 
One  marked  difference  between  a  cyclonic  and  an  antlcydonic  area 
is,  that  the  isobars  in  the  former  are  much  closer  tt^ther  than  in 
the  latter;  that  is,  the  barometric  gradient  is  steeper  in  the  cyclonic 
areae;  or  what  this  indicates  ia  that  there  is  more  wind  in  tJie 
cyclonic  than  in  the  antioyclonic  areas.  That  is  to  say,  that  in  cyclonic 
areas  there  an  high  winds  and  little  dnst^  while  in  antioyclonic 
areas  there  is  little  or  no  wind,  and  the  amount  of  dust  is  great. 
Accepting  this  explanation  of  the  greater  or  less  amonnt  of  dust 
in  the  two  areas,  let  us  see  how  it  is  borne  out  by  the  oheenrations. 

In  order  to  investigate  this  point  we  may  lay  off  a  series  of 
points  representing  the  distance  between  the  isobars,  on  the 
different  dates.  The  height  of  this  curve  would  be  inveiselj  pro- 
portional to  the  velocity  of  the  wind.  Instead  of  using  the  baro- 
metric curves,  we  will  use  the  observations  of  the  velocity  of  the 
wind  observed  at  the  stations.  These  observations  are  entered  in 
the  diagram  and  connected  by  a  fine  line.  It  will  be  seen  in 
diagram  !N'o.  1  that  the  fall  in  dust  which  t-ook  place  on  the  6th 
was  accompanied  by  a  rise  of  wind,  and  that  the  fall  of  the  wind  on 
the  9th  was  accompanied  by  an  increase  in  the  dust  The  wind 
increased  on  thelOth,  and  the  duBt  fell;  but  on  the  12th,  13tb,  16th, 
and  16th  both  corves  rose  and  fell  together.  In  diagram  No.  2  it 
will  be  seen  that  both  wind  and  duet  rose  and  fell  together  from 
the  5th  to  the  9th,  but  on  the  9th  the  wind  increased  and  cleared 
away  the  high  dust  that  had  prevailed  for  aome  days.  From  the 
9th  to  the  13th  the  dust  increased  whenever  the  wind  got  less, 
but  on  the  16th  a  great  increase  in  dnst  took  place  with  a  slight 
inciease  in  wind.  When,  however,  we  come  to  diagram  No.  3,  the 
relation  between  the  wind  and  the  dust  is  much  more  marked. 
It  will  be  observed  Uiat  almost  eveiy  rise  of  wind  is  accompanied 
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by  ft  fall  in  dtut,  and  a  fall  in  wind  with  an  increase  of  dost  It 
seems  thetefoie  that  the  amount  of  dust  ie  not  so  mneb  a  question 
of  cyclonic  or  anticyclonic  areas,  as  of  wind  Telocity.  It  wiD  be 
noticed  that  the  exceptions  in  the  Dumfries  obaerrations  on  the 
25tli  October  and  9th  November,  when  the  numbera  were  small  and 
the  distribution  of  pressure  anticyclonic,  hare  no  existence  where 
we  adopt  the  wind  explanation. 

Having  traced  the  connection  between  tlie  number  of  particles 
and  the  velocity  of  the  wind  at  low  levels,  the  qoestion  still 
remains,  What  is  the  action  of  the  wind  t  Two  explanations  seem 
possible.  Tbe  wind  will  evidently  mix  the  upper  and  lower  aire, 
and  may  tUns  prevent  the  number  being  great,  either  by  preventing 
the  dnst  in  the  upper  atmosphere  from  settling  into  tbe  lower,  or 
it  may  prevent  the  accumulation  of  local  impurities,  frnm  which 
no  locality  is  entirely  free.  The  latter  of  these  suggestions  seems 
to  be  tiie  mote  probable,  as  the  atmoepherie  dust  is  so  excessively 
fine  that  it  is  likely  to  take  long  to  settle,  and  the  dnration  of  calms 
does  not  seem  long  enough  for  it  settlii^  frran  the  upper  strata. 
There  is  no  doubt  that  for  all  the  dust  to  settle  out  of  even  s  few 
feet  a  very  long  time  is  necessary.  It  most,  however,  he  kept  in 
mind,  that  while  all  the  dust  takes  long  to  settle,  the  heavier 
particlea  will  fall  quicker,  and  these  no  doubt  in  calm  weather  will 
add  something  to  the  impurity  tA  the  lower  ur.  It,  however,  seems 
probable  that  the  absence  of  wind  will  act  chiefly  in  allowing  local 
impurities  to  accnmnlate  and  keep  near  the  ground.  It  may  be  as 
well  to  recall  here,  that  on  the  Rigi  Euhu,  the  lowest  number  of 
dust  particles  was  recorded  in  calm  weather;  and  that  with  increase 
of  wind  increase  of  dust  took  place,  which  increase  coutinned 
till  the  wind  had  blown  eome  time,  thus  indicating  the  power  of 
the  wind  to  make  the  upper  air  impure,  and  the  complement  of  this 
will  be  to  make  the  lower  air  purer. 

That  the  increase  of  dust  during  calm  periods  is  principally  due 
to  the  accumulation  of  local  impurities,  seems  to  be  supported  by 
the  difference,  already  pointed  out,  of  the  effect  of  wind  as  shown 
in  the  three  diagrams.  At  Dumfries  the  relation  between  the 
amount  of  dust  and  wind  velocity  is  constant  all  throngh,  while  at 
Kingairloch  and  Alford  there  were  marked  exceptions  to  it  Now, 
Domfries  is  a  much  more  polluted  district  than  the  others,  and  it  ia 


,.  Google 


-238  Proceedings  of  Boyal  Society  of  Minburgh.  [tns. 

pollated  in  all  diioctioiis,  whereas  the  othet  sUtionB  are  not  polluted 
equally  in  all  directions.  It  seems,  thereiore,  to  be  on  this  accomn- 
lated  local  impurity  that  the  wind  acts. 

Another  point  which  is  shown  in  the  diagrams  Nos.  1,  2,  and  3, 
is  the  influence  of  the  direction  of  the  wind  on  the  amount  of  dust 
At  tite  foot  of  these  diagrama  are  entered  arrows  showing  the  diiec- 
tion  of  the  wind  at  the  dates.  The  lower  aiTOw  shows  Hx  directitm 
of  wind  as  observed  at  the  station.  The  upper  one  is  from  the 
weather  charte  isaued  by  the  Meteorok^ical  Office.  These  npper 
arrows  will  probably  repreeent  the  general  air  oireulation,  while  the 
lower  onea  will  frequently  be  purely  local.  It  will  be  ofaeerred 
that  when  the  wind  came  &om  popoloos  parts  of  the  country,  the 
numbeia  were  generally  laige.  Taking  the  Kingairloch  obeerra- 
tions, — all  the  country  from  the  south  to  the  east  is  thickly  popu- 
lated, but  in  all  other  directions  there  are  but  few  habitations.  On 
the  9th,  with  a  light  wind  from  the  south,  the  number  was  great ; 
whereas,  with  a  light  wind  from  the  eaat  or  north,  the  namber  was 
less.  The  high  numbers  were  all  with  sontheriy  winds.  At  Alfoid, 
the  most  densely  populated  direction  is  from  east  to  nearly  eontb, 
and  it  will  be  observed  that  it  was  with  winds  from  these  directions 
that  the  greatest  amount  of  dust  was  obaarved.  The  low  numbers 
observed  at  this  station,  when  the  wind  was  slight  from  the  1 1th  to 
the  14th,  was  probably  due  to  the  air  coming  from  a  comparatively 
poorly  populated  district.  This  aeema  to  explain  why  on  these 
days  the  number  of  particles  wae  not  great,  as  is  generally  the  oaae 
when  the  wind  ialla.  It  will  be  noticed  that  the  wind  was  south 
when  the  great  increase  of  dust  occurred  on  the  16th,  with  increase 
of  wind.  The  effect  of  the  direction  of  wind  is  not  so  apparent  in 
the  Dumfries  observations,  probably  owing  to  this  station  b^g 
surrounded  on  all  udes  by  towns  and  villages.  It  is,  however, 
interesting  to  note  that  the  northerly  winds  which  were  pure  at  the 
other  atations  were  found  to  be  impure  hera  The  reason  for  this 
probably  is,  that  many  towns,  as  well  aa  iron  and  other  works,  lie 
in  that  direction. 

Fog. 

The  condition  of  the  air  during  fog  has  been  tested  in  a  number 
of  cases,  of  which  no  record  is  given  here,  and  in  all  of  them  there 
was  found  a  great  qaantity  of  dust     This  is  what  we  should  now 
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ocpflct,  M  fogs  aie  formed  when  the  air  ia  atill,  and  we  have  seen 
thftt  when  this  happens  the  quantitjr  of  duBt  iucreaseB.  The  ex- 
planation of  the  fonnatioQ  of  fogs  would  appear  to  be, — calms  tend 
to  incKaae  the  quantity  of  dust  and  moistare  in  the  air  near  the 
ground,  and  as  the  duBt  inciessea  the  radiating  power  of  the  air  it 
aoOD  gets  chilled  to  the  condensing  point,  when  fog  fomi&  The 
denaitj  of  the  resulting  fog  depends  in  part  on  the  quantity  of  dust 
pteaent,  aa  town  fogs  are  thicker  as  wall  aa  blacker  than  country 
one&  These  remarks  only  apply  to  radiation  fogs,  and  not  to  fogs 
nsnlting  from  the  mixing  of  hot  and  cold  air,  nor  to  fogs  formed 
by  reduction  ot  pressure.  Fogs  seem  to  be  much  more  faequent  in 
town  than  in  country  air.  This  poenbly  may  he  due  in  part  to  the 
graatar  amount  of  dust  in  the  city  sir  increasing  its  rodiatiDg  power, 
ao  causing  it  to  become  colder  than  country  ait,  when  there  is  no 
protection  above  it.  If  the  air  wax  clear  and  perfectly  diather- 
tnanouB,  then  the  radiation  would  be  only  from  bodies  on  the  earth's 
Bnrfaca.  The  air  would  then  be  cooled  by  these  surfaces,  and 
deposit  its  vapour  on  them  as  dew ;  but  whan  there  is  much  dust 
in  the  air,  these  particles  acting  as  radiating  surfaces  get  cooled,  and 
the  vapour  being  dc^iosited  on  them,  fog  is  the  result. 

Speculations. 
Another  queation  which  may  be  asked  is.  Is  there  any  nlation 
between  the  amount  of  dust  and  the  temperature  of  the  air  t  It 
has  been  shown  that  there  is  a  distinct  connection  between  the 
amonnt  of  dust  in  the  air  and  its  transpaiency.  We  are,  there- 
fon,  led  to  expect  that  the  dust  will  have  some  effect  on  the 
tempeiatnre,  by  the  alteration  it  will  effect  on  the  diathermancy 
of  the  air.  In  order  to  see  if  any  information  can  be  gained  on  this 
point  bom  theee  observations,  there  are  entered  in  the  diagrams. 
Plates  I,  II  and  III,  the  maximum  and  minimum  temperatnres 
of  the  air  on  the  days  on  which  the  dost  observations  were  taken. 
It  is  evident  that  there  are  two  distinct  effects  of  the  dust  which 
we  must  distinguish.  First,  its  eS^t  on  the  heat  received  by  the 
earth  from  the  sun ;  and  second,  its  effect  ou  the  heat  radiated  into 
space  by  the  earth.  We  may  expect  the  former  of  these  effects  will 
he  best  seen  in  summer,  when  the  sun  is  high,  while  the  latter  will 
be  best  studied  during  night  temperatures  and  during  winter; 
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For  investigating  whetlier  the  amount  of  dust  in  tbe  all  has  any 
iD^uence  on  ita  temperature  while  the  sun  is  ehiniug,  the  only 
obaerrations  illustrating  the  point  are  thoee  made  at  Eingairloch  in 
July;  the  others  made  in  September,  October,  and  November, 
when  the  sun  was  low,  shew  no  marked  effect  from  ita  laya.  When 
we  examined  the  Eingalrluch  observations,  we  were  struck  by  the 
marked  relation  shown  between  maximum  temperature  and  the 
amount  of  dost  It  will  be  observed  that  the  curve  of  maximam 
temperature  shows  four  maxima,  and  that  the  dust  curve  has  also 
four  maxima,  and  that  three  of  these  maxima  of  dust  happen  on  the 
three  days  of  moximiim  temperature.  On  the  4tb,  9tli,  and  13tli  it 
wiU  be  seen  both  dost  and  temperature  were  above  the  average.  The 
same  thing  though  not  so  mailed,  may  be  noticed  in  the  AUord 
observations.  At  the  beginning  of  the  observations  both  dust  and 
temperature  were  high ;  both  fell  towards  the  end,  and  just  at  the 
finish  both  rose  again. 

These  considerations  point  to  a  connection  between  the  amount  of 
dust  and  the  temperature ;  the  greater  the  amount  of  dust  the  higher 
was  the  maximum  temperature.  But  what  explanation  are  we  to  pnt 
on  this]  Is  it  a  case  of  cause  and  elfecti  or  are  both  due  to  one  cause  I 
or  is  it  merely  a  coincidence  1  One  would  have  expected  that  the 
phenomena  are  far  too  complex  for  any  such  effect  to  show  out  so 
clearly  as  it  seema  to  do  in  these  records.  Amongst  other  influencing 
causes  besides  dust,  there  is  the  wind.  The  force  of  the  wind  does 
not  seem  to  assist  in  explaining  the  agreement  between  the  dust 
and  tJie  temperature  curves  in  these  cases ;  ttke  direction  of  the  wind, 
however,  seems  to  have  some  effect.  For  instance,  the  wind  was 
somewhat  southerly  with  Uie  high  tempert^ures,  but  southerly  winds 
at  these  stations  are  generally  accompanied  with  much  dust,  while  the 
northerly  ones  have  a  lower  temperature,  and  little  dust.  This,  how- 
ever, does  not  dispose  of  the  whole  question,  as  the  greater  or  less 
dust  in  the  different  winds  may  be  in  part  the  causa  of  the  difference 
in  their  tempu^ure.  "Wedo  notfindany  iufiuenceof  thedustonthe 
maximum  temperature  in  the  Dumfries  observations;  when  the  sun 
is  low,  the  direction  of  the  wind  seems  to  be  the  principal  influencing 
cause.  Most  of  the  high  temperatures  occurred  with  southeriy  to 
westerly  winds. 

Humidity,  no  doubt,  will  have  a  powerful  influence  on  the 
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tompoRtttin  apart  from  its  eSact  aa  a  Tapoar,  as  a  high  Immiditj 
will  ineraaae  the  effect  of  the  dust  by  iacreasiug  the  size  of  the 
paiticlea^  while  a  low  humidity  will  decrease  the  influeace.  The 
Teoorda  of  obBerratlon  are  as  yet  too  fragmentary  to  warrant  the 
drawiag  of  any  general  conclusioas  on  this  subject. 

Before  the  relation  between  the  dust  and  the  temperature  can  be 
aettled  with  any  degree  of  certainty,  far  more  data  ore  required. 
We  would  require  to  haye,  along  with  the  duet  tests,  records  of  the 
fltreogth  of  the  Btmshine  taken  by  a  more  accurate  method  than  the 
ordinary  black-bulb  vacuum  thermometer;  and  ako  records  of  the 
hours  of  Bunshine,  the  direction  and  velocity  of  the  wind,  not  made 
at  long  intervals  but  oootinuously. 

We  shall  now  turn  to  the  diagrams,  and  see  if  the  earth's  radia- 
tioQ  at  night  is  influenced  by  the  amount  of  dust  in  the  air,  but 
OUT  information  is  too  meagre  for  a  correct  interpretation  of  the  varia- 
tions in  temperature.  The  fall  of  temperature  at  night  beii^  due 
to  tiie  earth's  radiation,  before  we  can  compare  the  cooling  on 
different  nights,  continuous  records  of  the  amount  of  cloud  in  the 
sky  are  required,  as  well  as  the  direction  and  velocity  of  the  wind. 
As  no  records  were  kept  of  the  clouds  at  night,  and  only  imperfect 
<Hiee  of  the  wind,  any  conclusion  we  may  draw  from  these  curves 
will  be  of  little  value.  The  Dumfries  obeerratious  will  be  most 
niitable  for  etudyingthe  night  radiations,  as  they  were  taken  dnriog 
the  long  nig;hts  of  winter.  At  first  sight  there  doee  not  seem  to  be 
any  nlation  between  the  amount  of  dust  and  the  cooling  taking  place 
at  night  The  reason  for  this  is,  that  Qiere  are  other  influences  at 
work  besides  dust,  and  one  of  these  is  the  velocity  of  the  wind — a 
high  velocity  preventing  an  accumulation  of  cold  air  near  the  earth's 
anifece  by  mixing  the  cooled  air  with  the  warmer  upper  ait.  The 
Dnmfriee  ob^tervations  show  that  on  all  nigbts  when  there  was  wind 
the  fall  in  teruperature  was  slight,  and  that  great  falls  only  took  place 
in  calm  weather.  To  get  the  effect  of  dust  we  must  therefore  com- 
pare only  nights  on  which  there  was  no  wind  or  only  alight  airs.  In 
order  to  assist  our  inquiry,  there  is  placed  in  the  diagram  of  the 
Dumfries  observations  another  series  of  temper^ure  observations 
taken  by  means  of  a  minimum  thermometer  placed  on  the  grass. 
These  observations  are  shown  connected  by  the  curve  underneath 
the  curve  of  minimum  air  temperature.    The  difference  between 
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these  two  curvea,  or  tlie  difference  between  the  minimum  air  tem- 
perature and  the  minimum  ground  temperature,  ahowa  the  inteusit; 
of  the  earth's  radiation  on  the  different  nights.  Ab  the  air  ia 
partly  cooled  hj  ite  passage  over  surfaces  cooled  by  radiation, 
we  might  expect  the  fall  of  temperature  from  the  previous  day'a 
maximum  would  be  proportional  to  the  difference  between  the 
minimum  temperature  and  the  minimum  temperature  on  the  grass. 
This,  however,  will  only  be  the  case  when  all  other  things  are 
equal,  such  as  amount  and  duration  of  cloud,  diathermancy  of  upper 
ail,  radiating  power  of  lower  air,  and  velocity  of  wind. 

Selecting  the  nights  on  which  there  was  little  wind,  let  us  see  if 
we  can  trace  any  effect  due  to  dust  On  the  30th  October  there 
was  very  little  dust,  and  it  will  be  noticed  there  was  a  great  fall  in 
the  temperature  on  the  following  night,  though  the  wind  does  not 
seem  to  have  fallen  very  low.  On  this  date  the  air  waa  the  purest 
observed  at  this  station,  and  on  the  following  night  the  radiation 
was  the  greatest  observed.  The  fall  in  temperature  of  the  air, 
though  oonsideiable,  was  not  the  greatest  recorded  ;  but  we  are  not 
entitled  to  expect  it  would  be,  as  the  fall  in  temperature  of  the  air 
depends  on  the  duration  as  well  as  on  the  intensity  of  the  radiation. 
No  very  satisfactory  conclusion  can  be  drawn  from  the  other 
observations,  as  on  the  occasions  when  the  amount  of  dust  was  low 
there  aeema  to  have  generally  been  some  wind,  and  this  would 
check  the  fall  of  the  thermometer  on  the  grass.  Further  the  dust 
observations  were  not  taken  at  sufficiently  short  intervals  for 
ascertaining  whether  the  air  at  night  had  the  same  unonnt  of  duat 
ae  on  the  previous  evening,  ot  on  the  following  morning.  It  may 
be  as  wdl  to  notice  here,  that  on  the  1 2th  November  there  was  a 
fair  amount  of  dust,  and  yet  the  temperature  fell  considerably  at 
night.  The  reason  for  this  would  seem  to  be,  that  though  there 
was  a  good  deal  of  dust,  it  was  probably  confined  to  the  lower 
stratum  of  air,  so  that  while  the  lower  ur  wae  a  good  radiator 
from  the  amount  of  dost  in  it,  it  was  unprotected  above  by  dusty 
air.  The  reason  for  stating  this  is  that  on  the  following  morning, 
tne  13th,  when  the  amount  of  dust  was  great,  there  was  a  dense  fog, 
but  this  fog  was  only  low  dovra,  while  immediately  overhead  the 
sky  looked  clear. 

The  relation  between  the  duat  and  tbe  night  temperature  appeared 


,.  Google 


ises-BO.]  Ur  J.  Aitken  on  Duai  Particles.  243 

in  an  iutereBting  v&j  in  the  Alford  observations.  For  some  days 
towards  the  end  of  the  obserrations  it  will  be  noticed  that  the  amount 
of  dost  was  email,  and  the  night  miDimnm  Bteadily  decreased, 
while  the  small  amount  of  dust  continued.  But  on  the  16th,  the 
last  day  the  teats  were  made,  when  the  eudden  inoreaae  of  dust  took 
place,  there  was  a  change  also  in  the  minimum  temperature,  which, 
instead  of  falling  to  a  lower  point,  was  the  following  night  higher 
by  nearly  12°.  We  must  not,  however,  conclude  that  these 
changes  of  night  temperature  were  entirely  due  to  duet,  as  it  will 
be  noticed  that  the  wind  was  occaeioDally  northerly  while  the 
low  night  temperatures  lasted,  and  that  on  the  IStb  the  direction 
changed  to  southerly. 

In  the  previous  remarks  there  is  something  like  a  contradictioo, 
which  it  may  be  as  well  to  explain  here.  It  is  stated  that  the  wind 
decreases  the  amount  of  dust,  and  also  that  it  raises  the  minimum 
temperature.  It  is  further  stated  that  a  decrease  in  dust  is  accom- 
panied by  a  low  minimum  temperature.  This  apparent  conlra- 
dictiou  disappears  when  we  consider  that  it  is  only  when  the  wind 
has  fallen  that  we  can  see  the  effect  of  the  low  dost  in  producing 
a  low  temperature. 

We  might  sum  up  the  results  thus : — 1st,  During  the  summer 
there  was  generally  a  high  maximum  temperature  when  there  was 
a  maximum  of  duet  in  the  air.  2nd,  There  was  a  tendency  to  a 
low  temperature  at  night  when  there  was  little  dust  iu  the  air. 
3rd,  During  the  time  of  the  Dumfries  observations  the  mean  tem- 
perature was  high,  and  the  amount  of  dust  great 

Stated  in  another  way,  it  amounts  to  this,  that  dust  increases 
the  day  tempemtut«  and  checks  the  fall  at  night,  thus  increasing 
the  mean  temperature.  If  this  be  so,  then  it  looks  as  if  the  dust 
absorbe  the  sun's  heat  daring  the  day,  but  does  not  radiate  the 
earth's  heat  at  night.  We  might  expect  that  the  condition  of  ait 
that  got  h%hly  heated  by  the  suu'a  rays  would  be  greatly  cooled 
at  night  by  radiation.  It  will  be  as  well,  however,  to  rememboi 
that  at  present  we  are  in  great  ignorance  as  to  the  diathermancy 
and  radiating  power  of  our  atmosphere,  and  further  it  is  easy  to  see 
that  the  heating  and  cooling  will  take  place  under  different  condi- 
tions. The  sun's  rays  heat'  the  air;  and  evaporate  the  moisture 
from  the  dust  particles,  and  so  tend  to  open  the  atmosphere  to  the 
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passage  of  heat  through  it ;  whereas,  at  night,  an  opposiia  action 
takes  place.  The  chilling  tends  to  deposit  moistuie  on  dust,  and 
so  impede  terreBtrial  ladiaUon. 

la  conneotion  with  this  snbject,  tbeie  is  a  point  that  has  beau 
observed  foi  some  years,  with  te^rd  to  the  earth's  ladiation,  which, 
as  ia  beaia  on  out  eabject,  we  may  refer  to  here.  For  some  yeaxa 
I  have  taken  the  usnal  meteorological  obeerrations,  and  along  with 
these  there  has  been  kept  a  record  of  the  earth's  radiatioa  at  n^ht. 
When  taking  the  readings  in  the  evening,  it  has  been  noticed  thitt 
on  the  evenings  when  there  were  no  clouds,  that  ths  radiation 
effect  was  strongest  juet  about  sunsut  If  it  was  observed  shortly 
afterwards,  the  radiation  was  almost  always  weaker,  even  though 
the  sky  kept  clear.  This  would  seem  to  indicate  that  the  air 
is  more  diathermanous  to  terrestrial  radiation  just  about  sunset 
than  it  is  later,  llie  explanation  which  I  would  now  offer  of  this 
ia,  that  at  sunset  the  air  is  more  diathermanous  than  it  is  later,  on 
account  of  the  duat  in  the  air  holding  little  moisture.  After  the 
sun  hsA  been  set  for  some  time  the  air  chills,  and  the  dust  particles 
increase  in  size  by  the  vapour  deposited  on  them ;  and  this  increase 
in  size  tends  to  check  the  free  passage  of  the  earth's  heat  into 
space.  It  is  evident  we  cannot  here  attribute  the  decreased  diather- 
mancy, with  the  advance  of  the  evening,  to  the  action  of  the  water 
in  its  gaseous  form,  aa  there  is  at  that  time  no  sudden  increase  in 
its  amount  in  the  air.  It  would  rather  appear  to  be  due  to  change 
which  then  takes  place  in  the  condition  of  the  moisture  from  vapour 
to  liquid.  I  have  said  the  air  is  more  diathermanous  just  about 
sunset  than  it  is  later.  Probably  it  is  more  diathennanous  to  the 
earth's  variations  during  the  day  than  it  is  at  sunset ;  but  observa- 
tions on  this  point  are  difficult  to  make,  owing  to  the  complications 
introduced  by  the  son's  heat  radiated  and  reflected  by  our  atmo- 
sphere. 

At  first  mght,  we  might  think  that  the  truth  or  fidsebood  of  Ibeae 
conduuona  might  be  easily  determined.  If  dust  increased  the  day 
temperature  and  decreased  the  fall  at  night,  then  the  mean  tempera- 
ture will  be  increased  by  a  lai^  amount  of  dust.  Can  It  then  be 
proved  from  general  meteorology  that  this  is  the  easel  Do  inhabited 
countries  have  a  higher  mean  temperataie  than  uninhabited  ones, 
other  things  hung  equal ;  or  has  the  temperature  of  thase  islands 
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riien  amce  coal  has  come  into  aach  extensive  use;  or  is  the  tempeta- 
tnie  ol  a  fJsce  higlter  when  the  wind  brings  dustloden  air  to  it 
from  a  popolons  diatrici  Uum  when  it  brings  pore  aii ;  or  bos  tlie 
tempenture  in  the  popolons  parts  of  Kew  Zealand  oi  Adstnlia 
incressed  with  the  incraase  of  population  1  Unfortunately  fc^w  is  a 
cue  where,  while  a  positive  reply  might  support  the  conclusion,  a 
negatiye  one  does  not  weaken  it^  becanse  the  dnst  from  haman 
habitations  keeps  near  the  ground,  and  if  there  is  no  protection 
■bove  it,  ite  effect  will  probably  be,  not  to  keep  up  the  night 
temperature,  bat  rather  to  lower  it,  on  account  of  the  increased 
ndiating  power  of  the  atmosphere  caornd  by  the  dnst. 

There  ia  etiU  another  reason  why  we  most  move  here  with  caution. 
Shoold  the  possibility  here  ehadowed  forth*become  a  reality,  then  we 
■honld  find  it  entering  the  arena  of  one  of  the  most  highly  contested 
fielda  of  scientific  speculation — we  shoold  find  it  claiming  to  be  the 
great  regulator  of  the  earth's  climate  in  bygone  ages.  Kfeteotolo- 
giala  would  be  disputing  with  ostrenomets,  and  claiming  for  their 
domain  the  canae  of  the  great  changes  which  geologists  tell  xa  have 
takoc  place  in  the  earth's  climate  from  time  to  time.  They  would 
no  longer  ask  the  astronomer  if  he  could  tilt  the  earth's  axis  so  as 
to  bring  first  one  part  and  then  another  under  the  influence  of  the 
na'a  rays.  All  the  meteorologist  would  have  to  do  would  be  in 
imaginatiDn  to  steer  the  solar  system  into  a  part  of  space  where 
meteoric  matter  was  absent  Wore  cosmic  dust  absent  &om  the 
earth's  atmosphere,  the  earth's  heat  would  have  a  freer  passage  Into 
space,  and  a  glacial  climat«  would  be  the  result  To  change  this, 
it  would  only  be  oeceesary  that  the  system  passed  to  where  meteoric 
matter  was  abundant^  when  the  earth's  atmosphere,  now  full  of 
cosmic  dnst,  would  caneerve  the  eon's  rays  and  its  own  haa^  and 
thus  cause  the  glacial  conditions  to  disappear. 

Such  are  some  of  the  problems  suggested  by  this  investigation, 
none  of  which  are  worked  out,  and  some  only  suggested.  It  is  of 
eonrae  powible,  perhaps  probable,  that  many  of  the  concluuons  here 
srt  forth  may  be  quite  wrong.  The  whole  phenomena  are  too  con- 
plex  to  be  solved  so  easily,  and  it  will  require  continued  records  of 
all  the  meteorological  phenomena,  extending  over  long  periods,  and 
under  many  different  conditions,  before  many  of  these  conduaions 
can  be  satisfactorily  established. 
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The  following  are  Bome  of  the  concludoDS  arriTed  ftt  in  this 
paper: — 

let,  The  earth's  atmosphere  ia  greatly  polluted  with  dnst  pro- 
duced by  hnman  agency. 

2iid,  This  dust  is  carried  to  considerable  elevations  by  the  hot 
air  rising  over  cities,  by  the  hot  and  moist  air  rising  from  son 
heated  areas  of  the  earth's  snTface,  and  by  winds  drivii^  the 
dnsty  air  up  the  slopes  of  hills. 

3rd,  The  transparency  of  the  air  depends  on  the  number  of  dust 
particles  in  it,  and  also  on  its  humidity.  The  less  the  dust  the  more 
transparent  is  the  air,  and  the  diyer  the  air  the  more  transparent  it 
is.  There  is  no  evidence  that  hnmidity  alone^that  is,  water  in 
its  gaseous  condition,  and  apart  from  dust — has  any  effect  on  the 
transparency. 

4th,  The  dust  particles  in  thn  atmosphere  have  vaponr  con- 
densed on  them  though  the  air  itself  may  not  be  satorated 

5th,  The  amount  of  vapour  condensed  on  the  duet  in  unsaturated 
air  depends  on  the  "  relative  humidity,"  and  also  on  the  "  absolute 
humidity"  of  the  ur.  The  higher  the  humidity  and  the  higher 
the  vapour  tension,  the  greater  is  the  amount  of  moisture  held  by 
the  dust  particles  when  the  air  is  not  saturated. 

6th,  Haze  is  generally  prodnced  by  dust,  and  if  the  air  be  diy, 
the  vapour  has  but  little  effect,  and  the  density  of  the  haze  depends 
chiefly  on  the  number  of  particles  present. 

7th,  Kone  of  the  tests  made  of  the  Meditensnean  sea  air  show 
it  to  be  very  free  from  dust 

8th,  The  amount  of  dust  in  the  atmosphere  of  pure  oonntiy  dis- 
tricts varies  with  the  velocity  and  the  direction  of  the  wind.  Fall 
of  wind  being  accompanied  by  an  increase  in  dnst.  Winds  blowing 
from  populous  districts  generally  bring  dusty  air. 

9th,  The  observations  are  still  too  few  to  afford  satisfactory 
evidence  of  the  relation  between  the  amount  of  dnst  in  the  atmo- 
sph»e  and  climate. 
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APPENDIX. 

Being  desiroiiB  of  getting  moie  obBerrationB  on  ttke  effect  of 
hnmidity  when  the  temperature  is  low,  in  order  to  check  the  con- 
diuioD  come  to  iit  the  paper,  I  made  a  visit  to  the  west  of  Scotland 
in  the  end  of  Jonaary  last,  in  the  hope  of  finding  the  conditions 
■oitable  for  the  purpose.  Garelochead  was  selected  for  these  obser- 
Tations.  This  situation  is  fairly  free  from  local  pollution  so  long 
u  the  wind  is  not  south,  aontb-east,  oi  east.  In  all  other  directiona 
it  is  fairly  free  from  contamination. 

The  obeeivations  were  generally  made  on  the  hills  above  Gare- 
lochead ;  the  site  for  each  day  being  always  selected  to  the  wind- 
ward of  the  houses.  Unfortunately,  the  weather  was  not  suitable 
for  the  special  purpose  intended,  as  during  most  of  the  time  the 
temperature  was  high  and  the  weather  extremely  stormy.  As, 
however,  the  observations  were  taken  in  exceptional  weather,  and 
the  lesulta  show  peculiarities,  they  may  be  thought  of  suf&cient 
interest  to  he  recorded  here. 

The  obeervations  were  begun  on  the  23rd  of  the  month.  On  this 
day  the  number  of  particles  was  2360  per  c.c.,  and  the  temperature 
34°;  but  unfortunately  the  wetr-bnlb  depression  is  doubtful,  owing  to 
the  temperature  of  the  wet-bulb  being  below  the  freedrig  point  The 
wet-bulb  fell  to  32°,  where  it  remained  steady.  As  the  temperature 
was  falling  fast,  the  conditions  would  be  all  changed  before  the 
water  on  the  wet-bulb  was  all  iiozen,  and  it  was  Uieiefore  nseless 
to  wait  to  see  how  far  it  would  fall  below  32°,  Fortunately,  I 
had  a  hygroscope  exposed  at  the  same  time,  and  it  shoved  a  reading 
corresponding  to  a  wetbulb  depression  of  fully  3°. 

This  is  the  only  observation  obtained  at  this  situation  suitable 
for  illustrating  the  influence  of  temperature  on  the  effect  of  the 
hnmidity,  and  it  confirms  the  conclusion  previously  arrived  at. 
We  have  shown  that  when  there  was  a  wet-bnib  depression  of 
about  4°,  and  a  little  over  1000  particles  per  cc,  that  the  air  was 
thick  if  the  temperature  was  60*  or  more ;  cleat  or  medium  if  it 
was  about  00* ;  and,  in  the  case  here  recorded,  the  aii  was  clear,  with 
nearly  double  the  number  of  particles,  and  the  air  not  quite  so  dry, 
but  at  a  temperature  of  34°  It  seems  probable  from  this  that 
oheervationa  made  on  Ben  ITevia  and  in  cold  dimatea  generally 
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will  not  ehow  the  influence  of  bumidity  so  markedly  oa  those  made 
in  wamL  climalieB. 

In  making  out  the  table  given  vrith  this  paper,  the  bamidilj 
might  have  been  shown  in  other  ways.  For  instance,  in  place  of 
entering  the  wet-bulb  depression,  tiie  relative  humidity  or  the 
dew-ijoint  of  the  mt  might  have  been  given.  It  was,  however, 
thought  better  to  enter  the  wet-bulb  observations  themselvee,  since 
either  of  the  others  can  be  easily  calculated  from  them.  At 
ordinary  temperatnrea  the  relative  humidity  and  the  dew-point  are 
approximately  proportional  to  the  depiession  of  the  vet-bulb,  the 
dew-point  being  nearly  twice  as  much  as  the  net-bulb  below  the 
temperature  of  the  air.  But  for  low  t^mperatuiee  the  proportions  do 
not  agree  so  welL  For  inetance,  the  dew-point  at  the  tempeiatme 
of  60*  is  1'88  times  the  wet-bulb  depression  below  the  temperatore 
of  the  airj  at  50*  it  is  3'06  times ;  while  if  tbe  tempeiatnro  is  34*, 
it  is  2-77  times.  So  that  for  low  temperatures  part  of  the  clearness 
is  due  not  only  to  the  lower  vapour  pressure,  but  also  because,  for  a 
given  wet-bulb  depression,  the  dew-point  is  really  farther  below  the 
temperature  of  the  air  with  a  low  than  with  a  high  temperature. 
For  instance,  taking  the  above  examples  with  a  wet-bulb  depreesion 
of  4°,  the  dew-point  at  60*  is  7°'5  below  the  temperature  of  the  air, 
at  fiO°  it  is  8° -3,  while  at  34'  it  is  fully  11°;  and  when  the  tempera- 
tures OK  still  lower  tbe  difference  increases  rapidly.  The  result 
is  that,  when  there  is  a  small  difference  between  the  wet  and  dry 
bulbs  while  the  temperature  is  very  low,  the  dew-point  is  a  con- 
siderable distance  below  the  temperature  of  the  air.  For  instance, 
at  a  t«mpetature  of  30°  and  a  wet-bulb  depression  of  only  1*,  the 
dew-point  is  fully  8'  below  the  temperature  of  the  air.  If  the 
temperature  had  been  63°,  in  order  that  the  dew-point  might  bo  as 
many  degrees  below  the  temperature  of  the  air,  the  wet-bulb 
depression  would  require  to  be  4°. 

We  must  therefore  only  use  the  wet-bulb  depression  for  com- 
parison when  the  temperature  is  over  50°,  below  that  temperature 
allowance  must  be  made.  In  the  future,  perhaps,  either  the  depres- 
sion of  the  dew-point  or  the  relative  humidity  would  be  a  better 
figure  to  use  in  these  tables. 

Betuming  now  to  the  table  in  the  appendix,  it  will  be  observed 
that  on  the  24th  that  there  were  726  particles  per  c.c.  and  a  depres- 
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MOD  of  only  2°-5,  and  the  air  was  clear.  The  tests  on  this  day 
also  confirm  our  conclusion  regarding  the  less  effect  of  the  humidity 
when  the  temperature  ia  low,  bat  the  snmhers  are  not  extreme 
enough  to  show  it  in  a  marked  degree. 

The  observations  made  on  the  35th  are  interesting,  as  they  were 
taken  in  exceptional  conditions,  and  gave  exceptional  reEolts.  This 
day  will  long  be  remembered  as  one  of  the  Btormiest  of  a  very 
stormy  January.  From  the  .table  it  will  be  seen  that  at  no  time  in 
the  day  was  the  nnmber  of  particles  over  1000  per  co.,  and  it  will 
be  also  noticed  that  the  tur  was  dry,  giving  a  net-bulb  depression 
of  folly  6°;  and  yet,  contrary  to  all  previous  expenence,  the  air  was 
thick,  the  hills  at  little  over  three  miles  being  invisible.  As  to 
the  canse  of  this  thickness  with  few  partdclee  and  dry  air,  it  is  at 
present  difficult  to  say  anything  definite.  It,  however,  seems 
possible  that  the  size  and  the  nature  of  the  particles  may  have  had 
something  to  do  with  it.  The  gals  would  enable  the  air  to  hold  in 
snspension  large  particles  of  dust,  and  the  atmosphere  would  also 
contwn  salt  spray.  It  was  noticed  that  the  air  had  a  peculiar 
gUsteniiig  appearance,  quite  unlike  the  usual  look  of  thick  air.  On 
the  evening  of  this  day  the  air  became  much  dearer,  due  possibly  to 
there  being  fewer  salt  particlea,  as  the  wind  had  veered,  and  the  aii 
had  to  travel  a  greater  distance  over  land  before  reaching  the  place 
of  observation.  Part  of  the  greater  clearness  was  doubtless  due  to 
Uia  increased  dryness  which  took  place  in  the  afternoon. 

On  the  27th  the  wind  was  again  high,  blowing  strong  from  the 
Dorthr-west,  The  number  of  particles  had  fallen  to  250  per  &c,  and 
the  air  bad  become  much  clearer. 

The  26th  is  principally  remarkable  for  being  the  day  on  which 
■was  recorded  the  smallest  number  of  particles  yet  observed.  The 
■tonns  had  now  passed,  and  the  wind  fallen  to  a  gentle  air  from  due 
north.  These  tests  were  made  on  the  hiU-side  to  the  north  of 
Whirtl^eld.  On  this  ocoaaiini  there  was  great  difficulty  in  getting 
clear  of  artificial  pollution,  the  great  pnrity  of  the  air  enabling  the 
existence  of  a  house  at  a  distance  of  half  a  mile  to  be  easily 
detected.  The  site  selected  for  the  observations  had  to  he  changed 
a  number  of  times  before  one  was  found  free  from  local  impurities, 
from  the  inetrament  revealing  the  existence  of  dwellings  hidden 
away  at  a  distance  among  the  hills. 
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The  air  on  this  day  Wag  very  pare,  all  the  teste  made  are  untered 
in  the  table,  and  not  averaged,  as  is  frequently  the  case  on  the  other 
days.  Of  course,  eadi  of  the  tests  given  is  as  usual  an  average  of 
ten  leadings.  The  lowest  test  gave  86  per  cc.,  being  the  numbet 
for  the  purest  air  yet  observed  by  me. 

When  this  small  number  was  obtained  the  barometric  distribntion 
was  very  complicated.  While  the  teste  vere  being  made  the  cyclone 
of  the  previous  days  had  passed  away  to  the  north-east,  and  an 
anti-cyclone  had  appeared  on  the  west  coast  of  Scotland.  The  ur- 
tested  seems  to  have  been  true  anti-cyclonic  aii,  which  was  bnt  little 
ixintaminated  by  local  pollution. 

On  the  following  day  the  wind  was  still  northerly  and  elight,  and 
the  dust  had  begun  to  accumalate,  the  numbers  increased  to  nearly 
three  times  what  they  were  on  the  previooa  day.  The  air  remained 
clear,  as  it  was  both  pure,  dry,  and  cold. 
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Larix  europeea  as  a  Breeding-Flooe  for  Hyleeinus  pini- 

perda.    By  WiUiam  Somerville,  D.CEc.,  £.Sc 

(Bead  July  7,  1860.) 

The  special  point  that  I  wish  to  briug  before  the  Society  relates 

to  a  case  of  the  common  larch  being  made  ubb  of  by  Hylesimu 

fmiperda  for  purposes  of  oviposition.     As  occasion  demands,  this 

insect  has  been  found  to  utilise  as  a  bieeding-place  every  specioa  of 

FinoB,  but,  so  far  in  Europe  or  North  America,  no  case  ha*  been  noted 

of  any  trees  belonging  to  the  genus  I^rix  having  been  similarly 

attached.     In  Asia  an  observer,  namely,  Middendorfi*,  has  recorded 

one  case  which  came  under  his  notice  in  the  district  of  the  Boganida, 

in  Siberia,  in  71°  north  latitude  {SibirUche  Beisen,  Band  iv.  Theil 

I  p.  603). 

In  the  beginning  of  April  of  this  year,  in  the  Upper  Ward  of 
Lanarkshire,  on  a  south-west  slope,  at  an  elevation  of  some  800  feet, 
I  found  that  several  larchus,  which  had  been  felled  during  last 
winter,  were  attacked  by  large  numbers  of  this  insect.  In  its  com- 
pany I  also  found  Hylastee  paUialut,  but  by  far  the  greater  number 
of  galleries  were  the  work  of  Hyleehais  pintperda.  During  the  past 
three  months  these  trees  have  been  kept  under  close  observation, 
^tb  the  result  that  I  find  one  or  two  particulars  in  which  the 
attack  of  this  insect  on  the  larch  differs  &om  its  mode  of  attacking 
the  Scots  pine. 

Tha  greater  abundance  of  fluid  resinous  matter  in  the  larch,  as 
compared  with  the  Scots  pine,  seems  to  have  considerably  interfered 
with  the  work  of  forming  galleries.  I  noticed  that  sU  the  trees 
lying  in  the  wood  were  not  attacked,  but  only  those  at  one  side, 
where  they  were  within  the  shade  cast  by  a  dense  wood  of  pines 
utuated  to  the  sonth.  This,  I  believe,  to  be  due  to  the  fact  that 
the  cambial  activity  and  formation  of  resinous  solutions  were 
retarded  in  these  trees  owing  to  their  not  being  directly  reached  by 
the  sud's  raye;  whereas  the  cambium  and  cortex  of  those  trees  f\illy 
exposed  to  the  sun  were  so  saturated  with  resin  as  to  be  safe  from 
attack.  Even  in  some  of  the  trees  attacked  I  found  unfinished 
galleries  quite  full  of  resinous  secretions,  and  containing  the  dead 
bodies  of  the  male  and  female  insects,  which  had  doahtless  been 
drowned  or  suffocated  by  the  resinous  exudations. 


...Google 


266  Proceedings  of  Soyal  Soddy  of  Edirifmrgh.       [mg. 

Another  peculiarity  in  the  galleriea  made  hy  the  parent  innet  in 
the  larch,  is  that  in  a  large  Bomber  vhich  I  have  examined  I  \kk 
only  on  one  occaaion  fonnd  an  air-hole.  This  is  somewhat  lemarbtbb, 
becaase,  when  the  galleries  are  made  in  the  natural  food-pUat  of 
the  insect,  at  least  one  air-hole  is  present  in  each,  and,  as  a  geHnI 
rale,  they  contain  two  or  three.  I  am  somewhat  at  a  loes  to  accovst 
for  this,  because,  balf-smothered  hy  leain  as  the  insects  are  in  tbeic 
galleries,  the  admission  of  air  wonld  appear  to  be  a  most  dednble 
consideration.  It  is  probable  that  here  also  the  great  amonnt  i^ 
lesin  in  the  cortex  of  the  larch  interferes  with  the  normal  fomutioii 
of  the  galleries. 

As  to  the  canee  of  H.  piniperda  attacking  the  larch,  I  beliera 
a  satisfactory  reason  can  be  given.  About  ten  years  age  th« 
southern  counties  of  Scotland  were  visited  by  a  succession  of  ex- 
ceptionally severe  galea,  which  overturned  enormouB  numben  of 
pines  and  other  trees.  Partly  owing  to  the  glutted  state  of  the 
market,  and  partly  to  the  difficulty  experienced  in  dealing  with 
such  a  large  amount  of  fallen  timber,  the  woods  were  alloved  to 
remain  undisturbed  in  their  devastated  condition  for  a  numbat  of 
years.  These  dead  and  dying  treee  furnished  an  exceptiautU; 
favourable  hieeding-place  for  H.  piniperda,  which  conseqaentlj 
increased  at  a  prodigious  rate,  each  avetage^ized  pine  being  capable 
of  producing,  it  is  said,  as  m4ny  as  80,000  insects.  Within  Hm 
past  year  or  two  the  last  of  this  fallen  timber  has  been  removad, 
with  the  result  that  the  hnge  army  of  forest  insects,  by  which  Iho 
country  is  overrun,  cannot  be  accommodated  with  the  breedii^ 
places  which  they  prefer,  and  have  therefote  been  compelled  b> 
oviposit  on  what  they  must  consider  most  unsuitable  materiil. 
Thus,  owing  to  stress  of  circumstances,  H.  piniperda  has  been 
driven  to  attack  the  larch,  and  in  this  country  I  have  also  fonml 
Scots  pinea^  not  exceeding  eight  years  of  age,  infested  by  it,  altiioagh 
hitherto  treea  of  s  leas  age  than  fifteen  years  have  aetdom  bees 
known  to  be  attacked. 
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Beeearobee  on  Mioro-OrganismB,  &o.  Fart  IIL  By  Dr  A. 
R  Grifflthfl,  F.E.S.  (Edin.),  F.C.S.  (Lond.  &  Paris),  Member 
of  the  PhjBico-Cbemical  Society  of  St  Peteisbarg,  &c. 

(Read  March  16,  ISSe.) 

Dr  P.  W.  Latham,  la  the  Harreian  orotion  at  the  Royal  College 
of  Physicians,  on  October  17,  IS8S,  supported  my  own  reaearcbes 
(which  have  already  been  pnblisbed  in  the  Prac.  Boy.  Soe.  Edin., 
vol.  liv.  pp.  97-106,  and  vol.  xy.  pp.  33-63),  on  the  subject  of 
"disease  geime."  He  says: — "We  might  hope  to  find  that  the 
sctioQ  and  growth  of  the  bacilli  [of  phthisis]  might  be  inhibited  by 
certain  snbatancee,  and  then,  by  injecting  these  eubttancea  into  ike 
blood,  disease  might  be  pcevented,  or  if  disease  existed  it  might  be 
aneated  or  cured." 

These  remarks  are  almost  in  the  same  langn^e  as  those  I  have 
already  bad  the  honoui  of  preeentii^  to  the  Royal  Society  of  Edin- 

In  Part  II.  of  this  paper  (fl-oc.  Boy.  Soe.  Edin.,  voL  xv.  p.  34), 
the  following  worda  will  be  found  : — "  The  principle  of  these 
researches  ia  to  find  some  germicidal  agent  capable  of  destroying 
the  microbes  of  disease,  which  have  been  proved  to  reside  ia  the 
blood,  and  are  the  causes  (directly  or  indirectly)  of  certain  con- 
tagions diseases.  At  the  same  time,  an  aqueous  solution  of  such  an 
agent,  while  destroying  the  microbes  of  disease,  must  have  very 
little  or  no  detrimental  action  upon  the  blood.  Having  found 
such  a  substance,  the  rationale  is  to  inject  (bypodeimically)  a 
solution  of  the  microbe-destroyer  directly  into  the  blood.  By  so 
doing,  the  destruction  of  the  pathogenic  organisms  in  ntu  would  be 
the  result." 

Having  once  more  alluded  to  the  rationale  of  the  proposed  method 
of  treating  those  contagions  diseases  whose  microbes  reside  in  the 
blood,  we  now  describe  a  further  series  of  experiments  performed 
OD  living  micro-organisms. 

I.  Thb  Alkaloids  of  Liviho  Mioeobeb. 
The  origin  of  the  "  vital "  alkaloids,  or  those  produced  by  living 
microbes,  is  not  thoroughly  understood.    They  may  be  &6  products 
VOL.  ITIL  2*/6/80  a 
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of  the  metabolism  of  protoplasm,  or  the  result  of  the  decomposition 
of  albuminoid  sabstances. 

Since  my  last  paper  (}oc.  dt.)  vas  published,  I  have  discovend  & 

new  alkaloid  produced  by  Baeterium,  allU*  growing  on  nutrient 

agar-agar,  having  the  following  symbolic  formula,  C|dHj,N.    The 

results  of  the  analyses  of  this  substance  were  as  follows : — 

L  II.  IIL 

C -.79-47  7960  79-48 

H-Il-26  ...  U-24 

N-   9-27 

The  alkaloid  (extracted  by  Gautier's  process)  is  a  white  solid — 
soluble  iu  water,  alcohol,  ether,  and  chloroform.  It  crystallises 
from  water  in  microscopic  needles  belonging  to  the  prismatic  system. 
These  cryetals  are  extremely  deliquescent  The  alkaloid  forms  a 
platino^^hloride  having  the  composition  (CmHjjN,  HCI)j,  PtCl,.  It 
ie  a  yellow-coloured  compound,  slightly  soluble  in  cold  water,  but 
soluble  in  hot  water. 

IL  AoTioK  OF  Cbbtain  Antiseptios  and  DiamFKOTAsra  tpob 


I  have  already  shown  {loe.  at.)  the  action  of  disinfectants  on  a 
number  of  organisms,  but  amuch  more  efBcient  germicide  bas  recently 
been  reported  on  by  Bouchard. 

Bouchard  (Compies  Rendus,  vol.  105,  p.  702)  found  that  0-33 
gram,  of  j6-naphthol  in  1000  c.c.  of  various  cultivating  media  pre- 
vented the  development  of  several  species  of  "  bacteria,"  including 
those  of — 

Baaillus  anthracu. 

Baeterium  pneuvicmicum  agile. 

Baeilhis  tyjAosw  (weak  cultivations). 

BaciUus  tuberculosis  (retards  the  development). 


This  substance  may  be  intiodnced  into  the  stomach  of  a  rabbit  to 
the  extent  of  38  grammes  per  kilogramme  without  producing  death 
"The  fatal  dose  for  a  man  of  6S  kilogrammes  would  therefore  be 

*  Sevenl  tubes  containing  growttis  of  S.  allii  were  exhibited  at  the  mestiiig 
of  tile  Lincoln  Scientific  and  Liteisiy  Society  on  Much  8,  1S88. 
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mon  than  250  grammes,  and  it  is  only  slightly  more  poiaonotis  token 
iigeeted  mjheutaneoiuly" 

These  resutto  have  been  confirmed  by  Dr  J.  Maximovitdi 
{Compla  Raidvs,y<A.  106,  p.  1441).  We  may,  acoordiDgly,  conclude 
from  the  above  inveatigations  that  ^-naphthol  is  a  trns  germicide, 
and  ia  capable  (to  a  certain  extent)  of  being  injected  into  the  system 
withtmt  toxic  effecte. 

We  have  thus  at  onr  command  several  reagents  which  have  been 
proved  to  destroy  the  microbes  of  some  of  the  worst  forme  of  disease 
vrhich  afflict  man  and  animals.  We  may  then,  perhaps,  look  foi- 
wnrd  to  physicians  pntting  into  practice  the  ideas  given  in  these 
papers  of  destroying  the  disease  germ  by  the  injection  of  a  germi- 
cidal agent 

At  this  pointy  we  consider  the  action  of  certain  reagents  on  the 
growth  and  development  of  various  microbes. 

(a)  Baeillua  tvberciUori*. 

I  have  found  (for  a  second  time)  that  solutions  of  salicylic  acid 
(natural),  potassium  iodate,  and  sodium  fluosilicate  (in  the  propor- 
tions already  mentioned  in  this  paper)  destroy  BaeiUva  tuhercuioti*. 

It  is  impossible  to  inoculate  tubes  containing  sterilised  blood 
senim  ^us  3  per  cent,  of  salicylic  acid  with  BacUbu  tvhereulosit  from 
a  pnre  cultivation  or  from  sputum  (from  the  worst  form  of  phthisis). 
This  clearly  shows  the  gennicidal  nature  of  the  reagent.  I  have 
performed  the  same  experiments  with  Bacterium  allii,  Baeillw  «u&- 
tilis,  Baeillua  eedeTTiatia  maligni,  and  Deneke's  Spirillum,  and  found 
thai  their  growth  was  inhibited  in  a  precisely  similar  way. 

(b)  Bacteria  of  Inftmiile  Fceee*. 

On  April  13,  188S,  Dr  Baginaki  read  a  paper,  before  the  Berlin 
Physidogical  Society,  on  the  cultivation  of  Bacterium  lactia  (obtained 
from  infantile  fieces)  in  a  sterilised  solution  of  pnre  milk-sugar. 

After  fermentation,  no  lactic  acid  but  acetic  add  was  found  as 
the  result  of  tike  life-work  of  the  micro-organism  in  this  particular 
medium.  The  microbe  in  this  medium  is  both  aerobic  and  anterobic, 
and  always  produces  acetic  acid.  The  gaseous  products  of  the 
fermentation  are  carbonic  acid  gas,  hydn^n  and  marsh  gas. 

Baginaki  says  that  when  the  microbe  is  cultivated  in  gelatine, 
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aoetio  ftcid  proves  a  germicide.  Therefore  the  piodnct  of  ita  own 
Ufe-hiatoiy  plays  the  part  of  a  powerful  toxic  agent  on  the  further 
life  of  the  bacteriom. 

From  Baginfiki's  researches  may  we  not  draw  the  inference  that 
in  certain  contagious  diseases  " the  turning-point  for  the  better" 
is  due  to  productti  formed  by  the  microbes,  which  act  detrimentally 
npon  any  further  growth  and  development 

In  a  paper  read  before  L'Acad^mie  des  Sciences  on  October  26, 
1886,  Pasteur  stated  that  "  a  larfi^e  nttmber  of  microbes  apparently 
give  rise,  in  the  media  where  they  grow,  to  substances  which  have 
the  propertry  of  opposing  their  own  growth."  And  again,  "  might 
it  be  that  rabies  virus  was  made  up  of  two  distinct  sabstances,  the 
one  livmQ  and  capable  of  multiplying  in  the  nervous  system,  the 
other  not  livinff,  but  capable  still,  when  in  suitable  proportions^  of 
arresting  the  development  of  the  first "  t 

(c)  T}ie  ifierobe{1)  of  Hydrophobia. 

M.  Galtier  of  Lyons  found  that  salicylic  acid  injected  hypo- 
dermically  was  quite  inefficient  in  preventing  the  development  of 
hydrophobia. 

In  a  communication  to  the  International  Medical  Congress 
(Copenhagen  meeting),  held  on  August  11,  1884,  M.  Pasteur  stated 
that  "the  process  for  isolating  the  microbe  is  still  imperfect,  and 
ths  difficulties  of  its  cultivation  outside  the  bodies  of  animals 
have  not  yet  been  got  rid  of,  even  by  the  use,  as  pabulum,  of  fresh 
nervous  matter."  Then,  i^in,  in  a  paper  read  before  L'Acad^mie 
des  Sciences  on  February  25,  1884,  Pasteur  stated  that  in  micro- 
scopical sections  of  a  rabid  medulla  there  are  numerous  minute 
granules,  "  suggesting  the  idea  of  a  microbe  of  extrome  tenuity,  in 
shape  neither  a  bacillus  nor  a  diptococcus ;  they  are  like  simple  dots." 

From  the  researches  of  Pasteur,  we  note  that  the  microbe  of 
rabies  has  a  very  different  life-history  from  other  micro-oi^anisms. 
The  principal  seat  of  the  vims  is  in  the  central  nervous  system; 
even  after  the  injection  of  the  poison  into  the  blood  system,  "the 
spinal  marrow  is  the  r^on  first  attacked,  the  Tims  locatang  Itself 
and  multiplying  there  before  spreading  to  other  parts."  Therefore, 
the  virus  of  rabies  does  not  reside  in  the  Mood, — which  accounts  for 
Galtier's  fulure  with  salicylic  add. 
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From  these  deteila,  it  appears  that  the  medium  In  vhich  the  an- 
discorered  microbe  of  rabiea  resideG  ia  eaaeDtially  Derroua  matter, 
and  not  in  tha  blood  BfHtem.  Hence  tha  hypodarmic  injection 
method  is  oseleas  aa  a  means  for  preventing  or  coring  this  terrible 
disease. 

(d)   Varioug  Miero-Orgcmimu, 
The  following  micro-organisms — 
(1)  Badllta  floeem  (obtained  firom  garden  soil), 
(3)  Baeillut  tonilifoTmia  (obtained  from  garden  soil), 

(3)  BaeiUue  tardeersaeena  (from  ammonium  carbonate  solution), 

(4)  Mienxoeau  atadieaiu  (from  the  atmosphere), 
{S)  Mierocoeeua  rotacem  (from  the  atmoepheie), 
(6)  Mieroeoeeut  Morimu, — 

as  well  as  those  mentioned  in  my  last  paper  (loc.  eit,)  on  this 
subject,  have  all  been  destrofed  by  the  germicides  already  men- 
tioned. 

in.  Vitality  or  Girtaih  Miobo-obqanibks. 

In  continuation  of  the  experiments  recorded  in  Fart  IL  of  this 
p^ier,  I  have  found  that  the  vitality  of  certain  micto-organisms  is 
considerable. 

Portions  of  a  pure  cultivation  of  Microaxetu  ehlorima  (growing 
on  white  of  egg)  were  mixed  with  calcium  sulphate  and  calcium 
carbonate  (the  mineral  ingredients  were  previously  sterilised  at  a 
tempeiatora  of  135°  G.)  and  placed  in  a  number  of  sterilised  tabes, 
which  were  then  hermetically  sealed.  Twelve  of  these  tubes  each  con- 
tained from  8  to  10  grammes  of  the  mixture.  Twelve  sterilised  tubes, 
not  hermetically  sealed  (see  Part  II.  of  this  paper),  also  contained  the 
same  quantity  of  the  mixture.  The  twenty-four  tabes  were  kept  at 
a  dry  heat  of  32*  C.  from  one  to  eight  months.  Twa  hermetically 
sealed  tubes  and  two  of  the  "  open "  tubes  were  opened  after  an 
expoeuie  at  32*  C.  for  one  month.  Four  tubes  containing  sterilised 
nntrient  beef-broth  were  inoculated  from  the  contente  of  the  tubes. 
In  the  two  inoculated  from  the  "open  "  tahea,  growths  of  Miera- 
eoeeta  ehlorintu  (proved  by  staining,  microscopical  and  macroscopical 
appearances)  made  their  appearance  after  nine  days'  incubation. 
Growths  of  MieroeoecM  ehlorimu  also  made  their  appearance  in  the 
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two  tubes  (inoculated  from  tlie  contents  of  tbe  sealed  tabes)  after 
thirteen  days'  incubation.  Four  more  tubes  were  opened  after  an. 
exposure  for  two  months  at  32°  C.  (dry  heat).  Inoculations  from 
two  "open"  tubes  revealed  the  Titality  of  this  microbe  aftei 
sixteen  days'  incubation ; — and  inoculations  from  the  two  sealed 
tubes  proved  the  vitality  of  the  micrococci  after  the  lapse  of  twenty- 
oue  days'  incubation.  The  remaining  tubes  were  examined  in  a 
similar  manner  after  the  lapse  of  three,  four,  six,  and  eight  monUis 


After  an  exposure  at  32°  C.  (dry  heat)  for  three,  four,  and  six 
months,  the  vitality  of  Mkrococevi  ehlorinvt  was  not  destroyed. 
And  fioally,  after  being  dried  up  for  eight  months,  the  vitality  of 
this  microbe  was  completely  destroyed  ;  for  no  growths  made  their 
appeaiance  in  sterilised  nutrient  beef-broth  kept  at  a  temperature 
between  32°  and  36°  G.  for  neariy  three  months. 

A  similar  series  of  experimente  were  performed  with  other  micro- 
organisms (the  final  inoculations  being  made  in  different  media  so 
as  to  suit  each  case).     The  resulte  were  as  follows : — 


Atter«iEii»ni™MarC.«UTJl«l^fM:-                    1 

n.<4^ 

mo^U... 

8 

mo»v..L!:«,. 

mmitha. 

nwnttu. 

.H.V. 

£«e<r>uma«», 

I. 

L 
1. 

L 

L 

L 
L 

L 

\ 

D 

P 

From  these  experiments,  it  will  be  seen  that  various  microbes  are 
capable  of  being  dried  up  in  the  dust  of  the  atmosphere  for  several 
months  without  losing  their  vitelity. 

M.  Duclaux  (Compfes  Rendut,  vol.  100,  pp.  lid  and  186)  proved 
that  the  germs  of  certain  species  of  Tyrothrix,  especially  Tj/rothrix 
scaber,  are  not  destroyed  by  at  least  three  yeais'  exposure  in  a  dry 
state  to  air  of  a  tropical  temperature,  hut  were  killed  by  exposure  te 
direct  suii%ht  at  the  same  temperature  for  some  weeks. 

*  L  — living.     D— dead. 
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IV.  Action  op  Freezing  Mixtures  upon  certain  Micbcx)boani81is. 

Daring  these  researches,  I  found  that  certain  ti]icr(K>rganismB 
were  killed  at  low  tempeiatnree. 

Tube  cnltiTBtions  of  the  following  microbea  were  used  in  these 
expeiiments : — 

(1)  Baallus  tuberadoais. 

(2)  Baeterittm  allii. 

(3)  Baeilliu  tubfUis. 

(4)  SpiriUum  tyrogenvm. 

The  temperatures  employed  were  obtaiQedby  using  the  following 
freezing  mixtures : — 


MUtnra. 

Id  the  Propottion 
of  (by  weight). 

MiDimnra  Tempera- 
tnrea  recorded. 

V&.  .    :    :    :    : 

/Wator, 

XAnmoniiun  nitrate,       . 

/  Sodinm  sulphste,  . 
JHjdwchionowid,        .       . 

}  -18°  C. 
}  -16°C. 
}  -17°C. 

After  the  micro-OTganisms  had  been  exposed  to  the  above  tem- 
peiatnies  for  several  days,  a  number  of  tubes  containing  sterilised 
■garagar,  blood  serum,  &c.,  were  inoculated  from  the  contents  of 
the  above  tubes  (i.«.,  the  tubes  exposed  to  the  low  temperatures). 

From  these  experiments  the  following  results  were  obtained : — 


At-ia-c. 

At-17°C. 

At-is°a 

day. 

For 

3 

days. 

For 
14 
day.. 

For 
I 
day. 

For 

S 

day*. 

For 
U 
days. 

For 
1 
day. 

For 
3 

For 
1* 
days. 

L- 

D 

D 

L 

D 

D 

L 

D 

D 

D* 

D 

D 

D 

D 

D 

L 

L 

D 

BaaUuMmiUaU,      . 

L 

D 

D 

L 

L 

D 

L 

L 

D 

L 

D 

D 

L 

L 

D 

L 

L 

D 

*  L— living.    D— dead. 
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It  appaon  tliat  certain  microbes  are  able  to  witbatand  tbe  severity 
of  a  low  temperature,  althongb  their  vitalities  (proved  by  a  longer 
period  of  incabation)  are  impaired. 

It  has  been  stated  that  BadUui  anthraeis  retains  its  vitality  after 
being  exposed  to  a  t«mpeTature  of  - 110°  C. 


V.  Elkcteucal  Experiments  oh  Certain  Micro-oboanishs. 

The  folloiriog  leanlts  concerning  the  action  of  the  electric 
GOrrent  on  ihe  vitality  of  certain  micro-organisms  form  a 
continoation  of  those  recorded  in  Part  XL  of  this  paper.  The 
expeiimente  were  performed  upon  pure  cultivations  of  three  micro- 
oiganisms. 

(1)  BaeiUvt  tt4beradon9  growing  in  previously  sterilised  fluid 
blood-serum  was  killed  by  an  KM.F.  of  2-16  volts. 

(2)  Baeteriam  allii  growing  in  previously  sterilised  pork-broth 
(neutral)  was  kUIed  by  an  E.M.F.  of  33  volts. 

(3)  Baeilliu  nibtHit  growing  in  previously  sterilised  pork-broth 
(neutral)  was  killed  by  an  E.M.F.  of  2-72  volts. 

The  temperature  of  tbe  laboratory  was  17°  C,  and  the  current  was 
allowed  to  pass  for  ten  minutes  in  each  case. 

The  "  electrified  "  micro-organisms  were  then  "  transplanted  "  to 
a  certain  number  of  tubes  containing  tbe  above  cultivating  media. 
After  an  incubation,  at  35°  C,  for  twenty  days,  no  growths  made 
their  appearance  in  any  of  the  tubes. 

The  above  experiments  show  that  the  electric  current  proves  a 
powerful  germicide. 

VI.  The  Micbo-oboanisics  of  the  Athospbbee. 

The  method  used  in  these  experiments  for  determining  the  nnmber 
of  "colonies"  (of  micro-organisms)  in  a  known  volume  of  air,  was 
that  devised  by  Hesse  {MiUhetlvngen  out  dem  Kaueriiehen 
Gemndheittamte,  1863,  bd.  il.). 

After  August  6,  1888,  a  similar  method  to  tbe  one  described 
by  Dr  P.  F.  Frankland  in  Nature  (voL  xxxvili.  p.  235),  was  used 
in  the  experiments. 

The  following  three  tables  speak  for  themselves  : — 
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(a)  The  Ant  of  Lincoln. 
(^Average  number  of  "  eolontet "  in  three  gaUone.) 


^ 

TMrUn. 

J*a 

F.I. 

Mb. 

*pt, 

Hqr 

Jdm 

Joljr 

Aug. 

atpt 

Ort, 

N»T. 

Dec. 

« 

M 

il 

M 

R 

M 

ill 

M 

M 

U 

n 

(6)  Thi  Air  op  Paris. 
{Average  number  of  "  eoloniee  "  tn  three  goBom). 


PUm. 

SittuUoD  in 
P.ri.,*c 

Angnst  18S7. 

Abelard  and  SiloOe), . 
(8)  Fot«il<.fVai8d'A»i«y,    .        . 

ma^ 

E. 

Central 

a.w. 

Centw) 

w. 

S.W. 
8.W. 

E. 

8. 

N. 

96 

lot 

81 
99 
60 
78 
88 
100 
98 

95 
BO 

(6)  FaUit  du  Troauliro, 

(6)  P«rk  of  VerMillM  (>i«ir  ft.ii«), 

(7)  St  CloDd  (nur  i^Iocc  rafw),     . 

S<«A),          .        .         .         . 
[11)  Pmnj  da»  Bntto  Chanmont, 

Of^. 

(c)  Tec  Air  op  London. 
{Average  number  of  "eolonie»"  in  three  goRone) 


PUett                                   Jnly  1SS8. 

AnguBt  1888. 

(1)  Fomt  Oate  {Emx), 

<2)  aty  {mar  Bank) 

(8)  Wat  End  {PUcudilly) 

(i)  But  End  (Mor  UiiU) 

S4 
B5 

80 
88 

79 
110 

96 
160 

The  coDclnsioDB  to  be  drawn  from  tbia  portion  of  the  reBearcli  are 
the  following : — 
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(1)  That  there  are  a  larger  number  of  micio- organ  isma  in  the 
Bummer  than  either  in  the  spring  or  vinter.  They  appear  to  reach 
their  maximtim  number  during  the  month  of  Angast 

(2)  The  namher  of  micro-oiganisnia  found  in  the  atmosphere 
decreases  the  higher  one  ascende.  Hence  near  the  Lincoln  Cathedral 
there  ore  fewer  micro-organbms  in  the  atmosphere  {on  any  given 
day)  than  in  the  valley  of  the  Witham  (Table  (a)  ).  The  same  re- 
mark also  applies  to  the  number  of  micro^rganiams  fonnd  in  the 
atmoHphere  on  the  top  of  the  Trocaddio  Palace,  Paris,  where  there 
are  fewer  than  in  a  low-lying,  but  crowded,  thorough&re  like  the 
Boulevard  St  Germain. 

(3)  There  are  a  larger  number  of  micro-oiganisma  in  the  atmo- 
sphere of  crowded  centres  thim  in  less  densely  populated  centres ; 
hence  more  in  cities  than  in  the  country. 

(4)  The  number  of  micro-organisms  are  fewer  when  the  air  is 
"  at  rest "  than  at  any  other  time.  For  instance,  there  were  fewer 
micro-organiama  in  the  atmosphere  of  tranquil  places,  like  the 
cemeteries  of  P^re  la  Chaise,  Montpamaese,  and  Montmartre,  than  in 
busy  streets  like  the  Bue  de  Bennes,  Bonlevard  Yoltaire,  &c. 

During  my  researches,  attempts  have  been  made  to  isolate 
pathogenic  microbes  from  the  atmosphere,  but  up  to  the  present 
without  success. 

VII.  Htpodbbmio  iNJBCnoHS  OF  Salicylic  Acid  fob  PHTHieia. 

E.  Wood,  M.D.,  L.R.C.P.  {mentioned  in  Part  EL  of  this  paper) 
reports  that  he  has  cured  a  girl  of  phthisis  by  injecting  a  saturated 
solution  of  salicylic  acid  into  her  system.  He  says,  in  a  letter  dated 
September  2,  1888  : — "  /  have  been  injecting  salieylte  add  tmee  a 
week  on  a  girt  for  one  gear,  arid  she  it  now  better." 

Dr  Wood  is  injecting  salicylic  acid  into  the  blood  of  another 
phthisical  patient  On  September  4,  1888,  he  sent  me  a  bottle 
labelled — "  Sputum  of  a  girl,  Webb,  pMhigicai  n^hi  sweat*,  age  14. 
Has  spit  hlood  I  am  iyeeting  a  saturated  tohUion  of  salicylic  add 
daily. — R.  Wood" 

I  found  in  the  spntum  a  considerable  number  of  tubercle-bacillL 

There  is  little  doubt  that  salicylic  acid  {natural)  is  a  powerful 
germicidal  agent. 

In  Part  II.  of  this  paper  I  gave  the  details  of  eerttun  ii^eotion 
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experimente  performed  on  Mr  John  Snodgnws.  His  caae  was  that 
of  a  "  Inng  disease  "  of  thirteen  yeaxa'  atandiiig,  which  became  dis- 
tinctly tabeicolai  Beveral  years  ago. 

AltboDgh  Mr  Snodgrass  was  greatly  relieved,  and  hia  life  pro- 
hingod,  by  the  injection  methods  {Proe.  Roy.  Soe.  £din.,  toI.  zv. 
p.  5S),  yet  there  was  hardly  any  hope  of  a  pennaDeot  cure  in  his 
case.  He  suffered  from  a  comphcation  of  di^oaaes,  which  cansed 
him  to  discontinue  the  injections  of  salicylic  atdd  (Part  IL,  p.  62). 
The  disease  proved  fatal  on  May  24,  1888. 

The  administration  of  salicylic  acid  in  the  form  of  pills  will  have 
no  effect  in  curing  phthisis.  During  its  passage  throngh  the  system 
salicylic  acid  becomes  altered. 

It  combines  with  glycocine  forming  salicyluric  acid,  thus — 

ch/**"     ^ch/^^^    -ph/^^  -..ho 

^''°' \cooh "^  ^"*  \cooh  ^«"*\co.nh  -  ch^  -  cooh ■*"  ":*"■ 

The  salicyluric  acid  so  formed  paeeaa  oS  by  the  urine. 

The  rationale  of  my  method  is  to  destroy  the  "  germs  "  of  disease 
in  the  blood  (i.e.,  where  they  reside). 

Since  the  reading  of  my  last  paper  on  this  subject,  before  the 
Royal  Society  of  Edinburgh,  I  have  injected  into  my  own  system 
two  other  subetaucea  (besides  salicylic  acid),  without  any  ill  effects. 
One  of  these  was  20  minims  of  a  0'4  per  cent,  solution  of  sodium 
fluosilicate.  We  have  already  seen  that  this  substance  is  a  power- 
ful germicidal  agent,  capable  of  destroying  BaeiUvs  tvberoilong. 

The  other  substance  injected  was  20  minims  of  an  I'O  per  cent. 
solution  of  sodium  salicylate. 

Sodium  salicylate  is  far  more  soluble  In  water  than  salicylic  add, 
but  it  is  not  a  germicidal  agent 

Sodium  compounds  (as  a  general  rule),  with  non-poiaonous  acid 
radicles,  have  httle  or  no  action  on  the  blood  when  used  in  small 
quantities. 

It  was  the  suggestion  of  Dr  Wood  that  sodinm  salicylate  might 
prove  a  valuable  antiseptic,  but  my  experiments  have  all  failed  to 
show  that  it  possesses  this  propyl;. 

On  the  other  hand,  Dr  Qiandeau  and  others  have  shown  that 
when  potassium  compounds  are  injected  into  the  blood,  they  para- 
lyse the  heart  and  striated  muscles  (Eemmerich'e  A  rehiv  Jvr  Physio- 
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logie,  bd.  ii.  [x  49).  This  action  occurs  eTsn  when  dilate  soln- 
tioDS  are  injected  into  the  ayBtem.  The  blood  contains  nonnall;  a 
small  percentage  of  potash,  but  certain  limits  must  not  be  exceeded, 
OF  poisonona  eEFecta  are  the  iesQlt& 

From  the  above  it  will  be  seen  tliat  a  solntion  of  potaasiniu 
iodate*  (which  ia  a  gennicidal  agent  of  great  power)  is  useless  for 
injection  purposes. 

Yin.   SUOAB  ASD  CbLLDLOSE,  TWO  FboDDOTS  FOHICED  DnHDIO 

THE  Lm-HisTORY  OF  Saoillub  tdbeboulosib. 
About  six  years  ago  M.  Fouchet  extracted  sugar  (CgH^jOg)  from 
the  lungB  of  phthisical  patients.  And  Dt  Frannd  discovered  that 
BacUlua  tvierculosis  forms  cellulose  in  the  oi^ans  and  blood  of 
tuberculous  persons.  I  have  also  proved  the  presence  of  cellulose 
in  the  apttta  ol  phthisical  patients  {Proe.  Hop.  Soe.  Edin.,  vol  xr. 
p.  36).  My  experiments  on  this  point  liave  been  repeated  serenl 
times,  and  always  with  the  same  Teaults. 

DL  Thb  Jsvsanova  Natube  of  Human  Bfutuh. 

There  is  little  doubt  that  the  expectorations  of  phthisical  patienta 
are  of  an  infectious  nature ;  as  it  has  been  proved  that  when  sus- 
ceptible animals  are  fed  on  tuberculous  matter,  they  become  infected 
with  the  disease. 

I  think  it  accordingly  advisable  for  physicians  attending  phthiaica] 
patients  to  give  fall  instructions  for  nurses  and  others  to  disinfect 
the  urine,  fEeces,  and  sputa,  so  that  there  may  be  no  chance  of 
infection.  It  would  not  be  a  difScult  task  for  nurses  attending 
coflsamptives  to  immerse  all  handkerchiefe  after  use  in  water 
containing  carbolic  acid. 

X.  Bacillus  TOBBBOOLOBia  ih  the  Breath  of  Phthisical 

Patibnts. 

T  liave  already  shown  that  the  saliva  of  consumptive  patients 

often  contains  the  germs  of  phthisis  {Proc.  Roy.  Soc.  Edin.,  voL  xv. 

p.  55).     I  liave  also  obtained  growths  in  blood-senim,  exhibiting 

all  the  macroscopic  and  microscopic  appearances  of  tubercle  bacillus 

from  the  breath  exhaled  by  a  person  in  a  state  of  advanced  phthisis. 

*  Already  numtioDcd  in  this  paper. 
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XL   SOLDBLK  FeRUENTB  PBODUOED  BY  MiGSOBXS. 

Professor  Giglioli  {FennaUi  e  Microbt)  describea  the  production 
of  solvble  fermeate  by  living  micro-organisms.  What  have  the 
soluble  or  non-organised  ferments  (produced  by  pathogenic  microbes) 
to  do  with  contagious  diseases  1  Before  the  formation  of  alkaloids, 
is  a  soluble  ferment  excreted  by  each  microbol  la  it  possible  that 
the  ferment  causes  the  chemical  disintegration  of  albuminoid 
molecules  with  the  ultimate  formation  of  alkaloids  t 

We  know  that  vegetable  diastase  (produced  in  the  first  instance 
from  albumin  by  the  action  of  living  cells)  is  capable  of  converting 
starch  into  dextrose,  and  cane-sugai  into  dextrose  and  levulose : — 
(a)  CgH,oOj  +  Hi,0-C,H„Oj. 
(6)  CijH^Oi,  ■^  HjO  -  CgHjjOa  +  QHuO.. 

These  substances  are  of  a  definite  chemical  composition  and 
formed  by  the  action  of  non-organised  ferments.  Therefore,  may 
we  not  infer  that  the  alkaloids  of  disease  are  possibly  produced  by 
the  soluble  ferments  secreted  by  pathogenic  microbes. 

The  researches  of  Giglioli  {Fennenii  e  Atierohi)  and  Schiavozzi 
{AttideUaR,  Aeeademia  dei  Idncei,  1886)  have  thrown  consider- 
able light  on  this  aU-important  but  most  ofaacuie  subject. 

Recently,  N,  Kravkoff  {Jourrial  of  tite  Rvsnan  Phyiieo-CkanKol 
Society,  vol.  xx.  [part  8],  pp.  623 — 632)  has  made  a  thorough 
inquiry  into  the  properties  and  action  of  pwe  vegetoble  diastase. 

The  production  of  alkaioidt  by  pathogenic  microbes  is  most 
important;  for  "one  of  the  most  interesting  facts  observed  in  the 
growth  of  septic  micro-organisms  is  this,  that  the  products 
of  the  decomposition  started  and  maintained  by  them  have  a 
moat  detrimental  influence  on  themselves,  inhibiting  their  power  of 
multiplication ;  in  fact,  after  a  certain  amount  of  these  products  has 
accumulated,  the  organisms  become  arrested  in  their  growth,  and 
finally  may  be  altogether  killed.  Thus  the  substances  belonging  to 
the  aromatic  series, — indol,  skatol,  phenol,  and  others  which  are 
produced  in  the  course  of  putrefaction  of  proteids, — have  a  most 
detrimental  influence  on  the  life  of  many  micro-organisms,  ss  has 
been  shown  by  Wemich  and  othere  "  (Klein). 

Quoting  from  Part  IL  of  this  paper : — "  If  the  soluble  ^mases 
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prodaced  by  livii^  patho^nic  microbes  are  the  real  caoBe  of  disease, 
the  bypodarmic  injection  method  stops  in,  for  many  aubatances  are 
known  to  interfere  witb  the  action  of  soluble  fermeuta.  The 
destraotion  of  tbe  microbes  prevents  tbe  formation  of  soluble 
zymases  or  alkaloids,  and  any  given  contagions  disease  (under  tbese 
circumstances)  would  be  at  an  end.  Nature  would  then  have  a 
chance  of  restoring  to  their  '  normal  standard  the  lowered  vitality 
which  enabled  tbe  microbes  to  get  a  footing.' " 

CONOLOSIOK. 

Theie  is  little  doubt  that  the  most  rational  method  of  treating 
contagions  diseases  (whose  microbes  reside  in  the  blood)  is  by  the 
iigection  of  some  germicidal  ^eut.  When  tbe  microbes  are 
destroyed  tbe  disease  would  be  at  an  end. 

My  investigations  on  this  subject  are  still  incomplete,  but  I 
sincerely  hope  that  tbey  will  be  found  interesting  and  full  of  eug- 
gaations  for  the  pathologist  and  physician. 

My  apology  for  bringing  them  (in  their  present  incomplete 
condition)  before  the  Society,  is  in  the  words  of  Lavoisier: — "A 
man  would  never  give  anything  to  tbe  public  if  he  watted  till  he 
bad  reached  the  goal  of  his  undertaking,  which  is  ever  appearing 
close  at  hand,  and  yet  ever  slipping  farther  and  farther  as  he  draws 


On  the  Boluldoii  of  the  Three-Term  Humerioal  Bqiiation 

of  the  nth  Degree.     By  the  Hon.  Lord  MlAren. 

(Bead  HBKb  17,  18B0.) 

The  method  of  solntion  developed  in  this  paper,  while  perfectly 
general  in  its  character  as  regards  thi«e-torm  equations,  may  also 
be  considered  as  a  solution  of  the  complete  equation  of  tbe  6th 
degree ;  because,  by  known  methods  resulting  from  the  theory  of 
equations,  every  equation  of  the  Sth  degree  is  reducible  to  three 
t«inia. 

I  may  he  permitted  here  to  make  an  introductory  observation  on 
the  supposed  superiority  of  an  algebraic  to  a  numerical  solution. 
Tbe  algebraic  solution  has  undoubtedly  an  aspect  of  theoretical 
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completeneea ;  bnt  in  point  of  utility  there  is  reiy  little  difTeience. 
Sappoaing  that  an  equation  of  t^e  6th  degree  conld  be  solved 
algebraically  bu  that  x  ie  expre«eed  as  the  5th  root  of  a  function  of 
known  qoantitiee,  a,  6,  and  e.  It  we  write  for  a,  h,  and  e  their 
values^  and  proceed  to  find  the  5th  root  of  the  function,  there  ia  no 
known  method  of  obtaining  the  root  except  bj  the  nae  of  logar- 
ithms. Now  the  extraction  of  the  6th  root  I17  the  division  of  a 
logarithm  a  equivalent  to  the  Bolntion  of  the  transcendental  equa- 

\V 
tion  a— 10     ,  which  is  only  possible  becanse  tables  of  values  of  ^  to 

the  argument  x  have  been  computed. 

The  solution  which  I  here  offer  is  obtained  by  the  use  of 
differential  logarithms,  and  is  not  different  in  character  from  that 
which  I  have  considered. 

It  is  not  an  approximate  solution,  as  I  understand  the  expression; 
because  the  value  found  for  x  ia  obtained  by  one  operation,  and  is 
incapable  of  being  made  more  accurate  by  applying  corrections  to  it 

The  value  found  for  x  is,  however,  only  true  on  the  assumption 
that  the  tabular  values  are  true  values.  But  this  limitation  of  the 
accuracy  of  the  solution  is  not  a  consequence  of  any  imperfection 
of  the  method,  bnt  results  solely  from  the  fact  that  the  tabular 
quantities  which  ore  assumed  to  be  known  are  quantities  which  do 
not  admit  of  exact  numerical  expression,  or  which,  in  other  words, 
cannot  be  completely  expressed  in  a  aeries  of  powets  of  the  number 
ten. 

Method  of  Logarithmic  Differeneea. — These  functions,  which  are 
sometimee  colled  Gaussian  logarithms,  were  really  invented,  or  first 
computed,  by  Lionelli  {SupplemeiU  Logarithmique,  Bordeaux, 
1802-3 ;  German  translation,  1806).  Gauss's  table  was  published 
in  1612,  with  the  knowledge,  on  Gauss's  part,  of  what  Lionelli  had 
done.  It  may  be  convenient  here  to  point  out  how  these  functions 
are  constructed,  and  how  the  tables  are  used  ; — 

Let  u  —  log  (a -f- 6) ;  then  u-loga^Su.  The  quantity  Stt  is  the 
logarithmic  difference,  or  tabular  quantity,  which  has  to  be  added  to 
logo,  to  make  up  u,  or  log  (a  +  6).    lu  this  paper  the  logarithmic 

differences  are  denoted  by  the  symbol,  Xoyl;  i.e.,  logM  +  - j;  the 
Greek  character  being  used  to  diatingnish  these  from  common 
logarithms. 
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If  instead  of  log  (a  +  b)  we  take  each  a  quantity  as  log  (ox" + /3x'), 
the  logarithmic  difference  may  be  denoted  by  the  symbol,  Aoy^ 
where 

Xo)^  =  log{aa:"  +  J3a:')-Iogaaf  =  log^l+S(f-")       .     (1). 

In  the  tables  of  Logarithms  of  Addition,  the  logarithmic  differ- 
ence is  fonnd  from  the  aigument  (log  u  -  log  h),  ot  in  the  second 
case  from  (log oz" -  log  jfte'),  which  I  denote  by  the  symbol  v\.\ 
or  m^  where 

in;=log(|.^-') (2). 

It  seems  desirable  that  quantities  which  are  of  general  application 
should  be  denoted  by  symbols  not  liable  to  be  mistaken  for  tiie 
symbols  of  other  things,  which  is  my  reason  for  proposing  this 
notation. 

Similarly,  for  logarithmic  difieiences  of  subtraction,  we  have 

Xffy;  =  log((ix"-jai:')-log«?'  =  logn-^.^")  .     .     (3). 
m;,  aa  before  =  log  (g-a''"') ....     (2). 

In  the  numerical  examples  given  in  this  paper  I  have  made 
use  of  Zech's  Tablea  of  Logarithm*  of  Addition  and  Sabtraction 
(Berlin,  1863),  in  which  the  argument  (tn)  is  given  to  five  signi- 
ficant figures  with  proportional  parts,  and  the  logarithmic  diffei«nce 
(Xoy)  is  given  to  seven  significant  figures. 

The  property  of  these  functions  which  attracted  my  attention,  and 
led  to  this  new  application  of  them  is  this :  that  for  any  function, 
log(a-i-6),  or  log{aiif+^),  the  logarithmic  difference  does  not 
depend  on  the  absolute  values  of  a  and  b,  or  oaf  and  ^^,  but  solely 
on  their  ratio. 

For  if  we  denote  a  logarithmic  difference  (as  above)  by  Xvy^  ""^ 

have,  Xoy  =log(A  +  B)-logA  =  Iog  f-  A~°log  (1-*-t)i  what- 
ever may  be  the  absolute  values  of  B  and  A. 

By  means  of  this  property  we  are  enabled  to  eliminate  the  powers 
of  X  from  the  logarithmic  equation,  and  to  obtain  equations  between 


,,GoogIc 


Isa»-&0.]     Lord  U'Larec  on  Equation  of  idh  Degree.  273 

^'^t  1U)  "id  knowB  coefficiente,  by  which  Xoy  and  m  a»  fint 
found,  and  atterwards  x. 

SotiUion  o/tk?  Equation  ofths  5  A  decree. 

It  ia  known  from  the  theory  of  equations  that  by  a  not  difficult 

Operation  any  qnintic  equation  may  be  reduced  to  three  term&     I 

Buppose  thie  pielitoinary  reduction  performed,  and  the  equation 

given  in  the  form 

If  we  take  the  upper  sign  there  are  two  posalble  solations  derived 

If  the  equation  has  more  than  one  real  root,  which  is  not  generally 
the  case  where  the  two  powers  of  x  are  both  poaitire,  one  of  these 
may  be  found  from  each  form.*  If  there  be  only  one  root,  the  first 
fonnula  will  be  used  if  the  quantity  az' be  <p^,  and  vice  verso,  as  is 
usually  evident  from  the  values  of  the  coefficients. 

(1)  From  the  given  equation  we  have  1(^  (oz' + /3z*)  —  0,  and 
from  formula  (a)  we  have,  as  above, 

log  (oa!* + /Bar*)  -  0  -  log  o  +  6  log  a: + AoyJ ; 

The  equation  of  the  argument,  mt  "^  Aoy*  i«  luS  ■  W  {<^)  -  log  (^) 
.-.     -loga:-logo-log;8-tn     ....     (2). 
By  equating  the  values  of  logx  in  (I)  and  (2)  we  obtain 

Sm'+A^ji^ilc^o— 51og/3,  or 
mJ  +  iA«y;=il<««-log/3  =  2     ....     <I.) 

Tbifl  may  be  considered  a  formula  of  reduction  for  the  5th  degree. 

The  charact«r  of  the  solution  then  is ; — The  equation  ojf' + /Sz*  =  1 
is  made  dependent  on  the  solution  of  the  transcendental  equation 
y-¥\^^c,  while  the  latter  is  soluble  hy  reason  that  tables  of  0y 
(ie.,  1<^W  +T5i))  ^^0  been  computed. 

The  operator  is  now  to  look  in  the  table  of  Logarithmic  J>iffereneei 
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for  valnea  of  m  and  \oy  which  satUfy  the  relation  (I.).  The  neanat 
tabular  places  may  be  taken  out  at  ooce  by  a  mental  computation 
identical  with  that  vhich  we  perform  in  long  division  *  in  finding 
the  BuccessiTe  fignrea  of  the  quotient. .  Thia  eligfat  mental  effort 
might,  however,  be  saved  by  preparing  a  four-place  table,  in  wMch 
the  value  of  1TV  would  be  given  to  the  argument  q  for  the  3rd,  4th, 
and  5th  degrees  reapectively.  The  fifth  figure  would  then  be  inter- 
polated ;  as  to  which  see  note  at  the  end  of  this  paper.  Xoy  would 
then  be  found  by  the  existing  tables  from  iti  as  argument.  The 
proportional  parts  are  to  be  subtracted,  because  Xoy  dimiuiabcB  as 
1TV  increases. 

The  quantities  AoyJ  and  Til!  being  thus  determined,  v  is  imme- 
diately found  from  (I)  or  (2);  bat  the  possible  error  in  the  last 
decimal  place,  due  to  the  imperfections  of  the  tables,  is  avoided  by 
using  the  form  (1),  in  which  the  etim  of  the  quantities  has  to  be 
divided  by  S  for  an  equation  of  the  Cth  degree,  in  order  to  obtain 
log  X,  which  is  the  required  solution. 

(2)  Ftom  the  given  equation,  iu?-\-^  =  \,  we  also  have 
from  (6) 

log{<ia!''  +  /3«*}  =  0=lt^(jftr')  +  \o)4  whence 

-log«-^2^^' (1). 

-loga!  =  inJ+logo-log/3    ....    (2). 
.-.     51og^-41ogti«4TnJ-A<7!;  1    Formula  of 
ml  -  iXoyl = J  log  )3  -  log  o  -  ff.  J  Beduetion  11. 

If  the  result  of  substituting  the  nnmerical  values  of  log^  and 
logo  in  the  formula  of  reduction  II.  is  to  make  q  negative,  the 
formula  is  to  be  used  with  signs  changed. 

(3)  For  the  equation  ai?  -  /Sx*  =  1,  we  have 

log  {a«>  -  j8ir*}  =  0  =  log  (a*>)  -  Aoy! ; 

...    i„g..^3l^- (1). 

Also,  log  ar  -  in! + %  j8  -  log  a  ;      ■     ■     ■     ■     (2). 

whence  Sinl - ^wyl -41oga-51og^;     1     Formula  of 

in'-iA<»yJ  =  Jloga-log;3-?.  1  Eeduction  III. 

*  In  long  division,  when  we  mantally  find  a  figure  of  the  gnotient,  we  solve 
an  eqoatiou  of  the  form  v—ax-k-%. 
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(4)  If  JSe^  be  >«*",  we  have 

Iog{0ai«-aar'}=O=log/3  +  lt«(a:')-XoyJ; 

.,     i^..i!±:Jsi (1). 

Also,  loga!-logj8-l(^d-tnl;   ....     (2). 

whence  4in!  +  X(7{  =  51og^-41oga;       i    Fonnulaof 

ml  +  iXo^=ilogj8-loga=g.  / Eeduction IV. 

In  naing  formuire  of  reduction  III.  and  IV.  (1)  the  quantities 
Ac/  and  nx  ore  to  be  taken  &oni  &e  table  of  Logarithma  of 
SvbtradUm.  (2)  If  the  lesult  of  inserting  the  numerical  values  of 
loga  and  log^  is  to  make  q  negative,  the  formula  is  to  be  used 
with  ngns  changed. 

For  the  equation  of  tenns  of  contrary  signs,  a  root  can  always 
be  obtained  from  either  of  the  fonuuhe  III.  and  IV. 


p/e(l). 

«■  +  }»:« -36}        or  ■02;a*  + ■00694a!*  =1. 

The  tni  formula  of  reduction  is  the  one  to  be  used,  or 
4  log  a  -  6  log  ^  =  6  iti* + ^oy<  • 
«  =  -02J;;3--00694. 

(!■) 

loga  =  ]og  -02?-  2-4«6977;     log/3-   3-8416377 

4  log  a  7-7747908;    Slog^S     iT^OSlSaS 

Subtracting  6  log  /3  ri-208ia85 

41ogo-51og/3-g-  4-5666023 -Ptni  +  Xoyj    ...     (a) 

Looking  down  the  table  of  Logarithmi  of  Addition  for  the  nearest 
values  of  n\.  and  hfy  corresponding  to  8  tn  +  ^(7  -  4-66  or  nx  +  i  ^ 
-0-91  we  find, 

in  =  0-90300  Xoy-0-O5n625 

Prop,  part, 9       Prop,  part,  -98 

m*     -90309  XoyJ    -0511527 

Add  6in!  4-51545 

4-56660  -  q,  agreeing  with  (a). 
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II.  The  Equation  of  Solution  is,  aa  above  (1), -loga:-t{Xo)^ 
+  log<i} 

log  a-   2-44369 
Xoy»      05116 
2-49485 
i(loga  +  X<7}  =  l-69897  =  log- ;  wh6nce---5;  ar=2. 

This  value  evidently  satisfies  the  given  equation. 

Sample  (2). 
a*-iar*-10;  or        ■l{te»--025a;<  =  l. 

The  thiid  formtUa  of  reduction  is  the  one  to  be  need,  or 

41<^a-61og;3=.«m!-Aoy;  [a=-10;  J3--025. 

J. 

logo-log  ■10=1-0       ;  logj8-log-025  =  2-39794 

41oga,  4-0000  61og^  9-9897 

Subtracting  5  log /3  9;9897 

41og<»-61og;8  =  j  =  40103  =  Bin->^ (4 

The  nearest  bkbolar  values  in  the  table  of  Logarithmg  of  Sub- 
traction aio 

tnj  0-81640        Xoy!  07192 

Pp.     4    The  proportional  part  is  insensble 

0-81644  in  the  result 

6m:  4-08220 

Snbtractbg  Xo>i    -07192 
fim!  -  XwyJi      4-01028,  which  agrees  with  the  valne  given  by  (o) . 

II.  TTte  Eguaiion  of  Solution  is,  logx^ilXayft-loga}. 


Xoyl             007192 
-logs          -lO 
io,i-loga,             107192 

i. 

Yebifioatioii. 

x  =   1-63826 

l.^-loga).log>!    -214384 

AlK.Ioga'              1-07193 
logs'             0-857B4 

7-2035  I 

1-8009  }l^      ^-SOO^ 
10-0001 
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Thm  the  value  of  the  equation  resulting  from  the  value  found 
for  X  is  correct  within  the  Umite  of  accuracy  attainable  in  logarithmic 
compulation. 

Solution  of  the  Three-  Term  Equation  of  t/U  Dtk  degree. 

o3*±P3f-'=\. 

L  Where  the  too  terma  of  x  are  both  pogitive,  we  have  the  two 
forma  corresponding  lespectively  to 

Ca8e{1).  Log{aar  +  j8iE"-''}=0  =  ]oga  +  nlogK+A<^.p; 

.,     -log^=^-^^-^'°8° (I). 

Also  log  (oaf)  -  log  (fit--)  -  m;., ; 

.-.     -loga-logn-logyS-m;-!.  .    .    -    ■    (2). 
Equating  (1)  and  (2), 

p  Xoy:_, +;?  log  a  =  n  log  o  -  « log  j8  -  ninl-p  ; 

whence        m!;.,+(-)*^-p  =  (^-^)l'^8»-^°8^'^9    •     ■     (^) 
For  the  indices  n  and  (n  - 1),  this  becomes 

m:_..(?V._,  =  (t4l).og<.-.ogA(?J,rn}W- 

Cabb  (2).  WTiere  ^~'  it  the  greater  of  tlte  txco  terms,  in  tha 
positive  equation, 

h)g{ax"  +  yac"-'}-0  =  log^+(»-j))loga:  +  Xttj;-'; 
.,     _log:.=H^t^' (1). 

Also         -log:.=^=''-*-^°g''-'°g^; (2). 

whence 

™:-.-(-£-)x^-(„-2j).og^-.og„,.{a*:'}<B). 

For  the  indices  n  and  (n  - 1)  this  becomes 
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11.  Where  in  the  given  egvalion  the  terms  of  x  luwe  aaOrary 
sigtu,  or 

Cahb  (3).  Log{iar- ^-'}  =Q'^\oga+nlogx~>ioyi.,; 

.,     log^=^-f^-''^° (1). 

Also, 

j^^^m^^  +  l^^-loga.  ^2^ 

whence. 
For  the  indices  n  and  (n  - 1),  thia  becomes 

'^--G)*°^-'-(^)''«'-'"'«i'-«  ■  ■  w 

The  formula  (C)  is  to  be  useil  with  signs  changed  when  necasKvy 
to  make  q  p08itiT& 

The  quantities  Til  and  koy  ara  found  from  tbe  table  of  £190- 
ritkms  of  Subtraction.  These  obseTvations  apply  also  to  fonnuli 
(D). 

Cask  (4).  Jf  ^~'  he  the  greater  of  the  too  terms,  ire  find 

For  the  indices  n  -  1  and  n,  this  becomes 

in:-'  +  (^)x<»)^-'  =  (^)log/3-loga  =  2     .    (Di). 

It  is  evident  that  the  solutions  given  for  the  quintic  equation  an 
only  particular  cases  of  the  tbree-tenn  equation  of  the  nth  d^iee. 
Example — 

L        '  n~p    *'  n-p    * 
a-l;)S  =  3. 
As  X  is  evidently  fractional,  the  term  Sx^  is  greater  than  a?,  and 
we  must  use  the  formula  of  reduction  (B),  or 

Jlog3-log(l)-tnJ-iXayf 
I.  Lc«a-0;  log^-log3-0-4771213 

2-ilog^-  0-8349623  =.inJ-|Aoy?     .     .     (a). 
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The  nearest  tabiUat  values  of  tti  and  >^,  after  applying  the 
proportional  parts,  are 

TTlJ     -0-875680  Xff>?  = -064285 

-fAttji    0-040714 

q       =0-834966,  which  agrees  with  the  value  found  above  (a). 

It.  The  equation  of  solution  is 

-log3:  =  J{log3  +  A<^} 


I(^y3  =  log3  =  0-47712 
Ao^  005428 
anm,  053140 
i-  -loga^  0-13285 
loga^  1-86710 
x=  0-736461 


Ybrifioatiok. 
logx,     T-86715 
loga^,    T-46860 
log  3,     0-47712 
logSa;*,  T-94572;  3x«-  -88260 
%a;^    T-07005;    x''^   -11760 
«T  +  3ar*=.  1-00000 


Thus  the  value  of  the  equation  leaoltiiig  from  the  insertion  of  the 
value  found  for  x  is  correct  to  the  last  place  of  decimals 

Apporestly  the  method  of  logarithmic  diffeiencaa  is  incapable  of 
extension  to  equations  of  more  than  three  terms. 

Note  08  to  Mode  of  finding  \oy  and  Tn.  from  the  TaiAee  by 


Sapposing  values  of  m  aud  Xoy  to  be  token  out  by  inspection 
for  the  three  highest  figures  oi  decimal  places  (which  can  easily  be 
ilone  mentally),  we  wish  to  find  these  quantities  to  four  and  eventn- 
ally  to  five  places. 

Let  iri'i  ^"  ^  the  neareet  values  of  these  qoantitiea  in  three  figures, 
and  let  ^'  be  the  approximate  value  of  q  resulting  from  the  insertion 
of  to,",  X"  in  the  formula  of  reduction.  Let  Tl',  X',  g"  be  the  corre- 
sponding values  in  four  decimal  places.  The  relation  between  the 
qoantities  is  of  the  form  in  ±  oA  =  2- 

Then  since  X  diminishes  as  til  increases,  we  have 

in'-tn"Tn(X'-A")-9'-2";  or  Sg  =  «m T a(8X)     .     (1). 

In  the  table  the  3rd  figure  of  the  argument  in  is  changed  at  each 
line ;  bat  the  3rd  figure  of  A  changes  much  more  elowljr,  and  the 
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rate  of  change  is  neailf  constant  through  a  vfaol«  page,  or  ^jt-  is 
extremely  email. 

We  may  therefore  proceed  aa  followa : — ^Taking  the  upper  aign 
in  (1)  we  first  find  g"  (oi  value  of  q  which  reenlts  from  inaertiiig 
the  three  figure  valaea  of  m  and  X  in  the  formula  of  redactlan); 
and  subtract  this  from  the  known  or  true  yalna  of  q  (as  foand 
from  the  conatanta)  to  get  Sj.  Then  S2  =  6m-(8X)a  =  («±l)aSA, 
where  a  ie  the  nwnher  of  lines  through  which  the  value  of  the 


3rd  figure  of  X  ie  unchanged  .-.  SX=  i+w  "^^  ^°™^  (P™* 
the  neareet  value  of  A  in  four  figures.  With  this  aud  the  cotre- 
sponding  value  of  tit  in  four  figures  we  may  find  the  value  of  X  to 
five  places  by  the  same  form,  only  that  g  now  represents  not  the 
number  of  lines  but  the  namher  of  horizontal  places  in  the  table 
&om  one  change  of  the  Gth  figure  of  X  to  the  next  change. 

This  most  he  checked  by  finding  q  from  Xoy  and  TU,  and  noting 
whether  it  corresponds  with  the  true  value. 

By  following  this  method  I  have  generally  been  able,  in  a  few 
minutfia,  to  take  ont  the  exact  values  of  m  and  Xoy  corresponding 
to  the  known  value  of  q  ;  and  while  the  solution  would  be  theordi- 
caUy  more  perfect  if  we  bad  a  supplementary  tahle.giving  values  of 
Tn,  to  the  argument  q,  this  is  not  practically  necessary.  TJoder  the 
actual  conditions,  the  equation  of  three  terms  can  be  solved  to  such 
number  of  places  as  the  tables  furnish  with  very  little  more  trouble 
than  is  involved  in  the  solution  of  a  quadratic  equation, 

I  have  not  given  examples  of  the  solution  of  cubic  and  quartic 
equations;  but  it  is  evident  that  the  solution  by  logarithmic 
difiereaces  is  very  much  simpler  than  the  methods  now  in  use, 
while  the  preliminary  reduction  to  three  terms  is  equally  necessary 
under  either  process. 

Note. — Since  this  paper  was  written,  my  attention  was  called  by  Dr 
Muii  to  a  short  paper  in  Zeuthes's  Danish  Journal  of  Sfaihematiea, 
1880,  p.  136,  in  which  the  author  makes  use  of  Gaussian  Logarithms 
for  the  solution  of  the  equation  tf+px  +  q.  But  as  that  paper  is 
less  general  in  its  aim  and  method  than  mine,  and  the  solution 
given  involves  some  unnecessary  transformations,  I  have  thought  it 
desirable  to  publish  my  paper  aa  read,  subject  to  thia  explanation. 
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On  the  Beflezioa-Caustioe  of  STinmetrioat  OuTTes. 
B7  the  Hon.  Lord  M'Loren.     (WiUi  Two  Plates.) 

(Be«d  April  7, 1890.) 

The  caiutics  here  coDsidered  are  those  reeolting  from  the  refiexioa 
of  STsteme  of  patallel  rays.  The  subject  is  pnioly  geometricaL 
The  canstic  ia  conaidered  as  a  deiived  cuive,  and  is  defined  as  the 
envelope  of  a  sfstem  of  lines  drawn  from  the  primaiy  curve,  whose 
inclination  to  a  given  line  is  double  the  inclination  of  the  normal 
Kt  the  incident  point. 

It  ia  comparatively  easy  to  find  an  expression  for  a  caustic  in 
nixed  coordinates.  But,  where  the  coordinates  of  the  primary 
curve  have  to  be  eliminated,  the  problem  becomes  more  difficult, 
and  unless  this  condition  be  fulfilled  the  expression  cannot  be  con- 
sidered a  true  analytical  eolation  of  the  locus.  In  the  present 
paper,  differential  and  algebraic  expresaionB  are  first  found  contain- 
ing  the  coordinates  of  the  focal  point  corresponding  to  a  point  in 
the  primary  or  lefiecting  curve,  and  the  coordinates  of  the  latter 
are  then  eliminated  between  the  differential  and  algebraic  equations. 

So  far  as  I  am  aware,  very  little  has  been  written  on  the  caustics 
of  reflexion  for  parallel  raya 

Professor  Cayley's  investigations  relate  to  the  caustics  of  con- 
verging and  diverging  pencils,  and  include  refraction-caastics.  In 
the  recent  paper  of  Mr  Mannheim,  published  in  the  TrarnacUons  of 
the  Academia  did  Liitcei,  the  author  develops  a  method  of  detei- 
miuing  a  series  of  points  which  ore  the  foci  of  the  refiected  rays  for 
a  given  curve  or  surface;  but  hia  method  does  not  furnish  the 
equation  of  the  continuous  caustic  or  locus  of  focal  points  which  I 
conceive  to  be  geometrically  the  only  admissible  solution.  I  may 
add  that  a  method  analogous  to  that  here  employed  was  used  by 
Mr  Childe,  in  his  TreatUe  on  ReflteUd  Bay-Sur/aea  and  their  Rela- 
tion to  Platte  Reflected  Caustice,  to  determine  the  canstic  by  reflexion 
for  a  radiant  point  which  is  coincident  with  the  pole  or  origin  of 
polar  coordinates  of  the  reflecting  curve.  From  the  examples  given 
by  Mr  Childe  of  the  application  of  his  method,  it  is  evidently 
applicable  generally  to  tv>o4erm  polar  equations ;  though  the  author 
does  not  directly  annonnce  this  limitation,  nor  does  he  treat  at  all 
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of  the  cauBtica  b;  reSezion  of  pencils  of  parallel  t&jb.  It  appeals  to 
me  that  the  case  investigated  by  Mr  Chllde,  and  the  case  of  paiallisl 
lays  here  treated,  embtace  all  that  can  be  found  by  the  method  of 
anziliaiy  cniree,  and  my  paper  nay  therefore  be  regarded  as  comple- 
mentaTy  to  this  part  of  ISi  Childe's  votk,  although  the  auxiliary 
curves  used  and  the  proofs  are  quite  diETerent  for  the  two  cases. 

The  general  solution  here  given  (which  is  essentially  geometricBl) 
was  suggested  by  my  solution  of  a  particular  case,  that  of  the 
Beflexion-Caustic  of  the  Parabola,  which  appeared  in  the  Monthly 
IfoUces  of  the  Boyol  Astronomical  Society  for  1887.  The  solution 
is  general  for  the  paiollel-ray  caustic  of  any  reflecting  curve  which 
can  be  ezpiessed  as  a  two-Urm  polar  eqnatioiL  The  equivalents  of 
the  polar  equations  in  Carteaian  coordinatee  are  then  determined  foe 
the  curve  of  any  degree  n ;  and  it  is  shown  that  these  include  funda- 
mental forma  or  types  of  every  claaa  of  symmetrical  algebraic  curves, 
whether  these  be  finite  or  infinite  in  extent,  central  or  parabolic. 
The  solution  may  be  held  to  apply  generally  to  algebrtuc  curves  of 
perfect  symm^ry,  if  we  consider  those  curves  only  to  have  perfect 
symmetry  whose  axes  of  symmetry  are  separated  by  equal  angular 
intervals ;  in  other  words,  curves  whose  branches  are  all  equal  and 
are  symmetrically  disposed  about  a  centre. 

1.  Differential  EquaHon  of  a  Bejlected  Bay. 

I  begin  with  the  fundamental  expressions  for  the  length  (L)  of  a 
reflected  ray,  from  the  incident  to  the  focal  point     These  are 

L-^PiCoet   .     .    .    (1);  L-^PiSeci   .     .     .     (2), 

where  pj,  pj  an  lespectivBly  the  greatest  and  least  radii  of  curvatDie 
at  the  incident  point,  and  i  is  the  angle  of  incidence  or  reflexion. 

For  surfaces  of  revolution,  to  which  these  inveatigationB  are 
usually  confined,  the  relation  (1)  applies  to  the  focus  of  consecutive 
reflected  rays  in  a  principal  plane ;  and  the  relation  (2)  applies  to 
the  focua  of  consecutive  rays  reflected  from  a  cyclic  section  of  the 
reflecting  surface  (see  "  Theory  of  Systems  of  Rays,"  Trans.  Royal 
Ir.  Ac,  vol  zv.  p.  97).  I  shall  deal  only  with  the  form  (1)  applicable 
to  reflexion  in  a  principal  plane,  it  being  evident  that  the  oone  of 
rays  represented  by  (2)  has  its  vertex  or  focua  in  the  azia  of  the 
surface  of  revolution  if  the  incident  pencil  is  direct,  and  that  if  the 
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pencil  U  obliqne,  or  inclined  to  thia  axis  of  Bymmetry,  tha  taja  do 
not  intersect  at  all,  except  in  a  principal  plane. 

To  edmplify  tlie  investigation  the  pencil  of  parallel  laya  will,  in 
tike  fint  instance,  be  supposed  to  be  parallel  to  the  axis  of  aymmetry 
(X)  of  the.  reflecting  curre,  which  is  also  taken  as  the  axis  of  polar 
cboTdmat«8.  The  solutions  are  then  extended  to  the  case  of  obliqne 
pencils.     In  tha  notation  of  this  paper, 

r,  0  are  the  coordinates  of  the  primarf ,  or  reflecting  curve ; 

p,  at  are  the  cooTdinates  of  its  pedal ; 

V,  ^  are  the  coordinates  of  its  negative  pedal ; 

B,  6  are  the  coordinates  of  the  caustic. 

X,  y;  X,  Y  are  rectangular  coordinates  of  tbe  primary  curve  and 
its  caustic. 

p  ia  the  radios  of  curvature  of  tbe  primary  curve,  and  is  the  only 
radius  of  curvature  necessary  to  be  considered. 

I  is  tbo  angle  of  incidence  or  reflexion. 

V  is  the  angle  between  any  radius-vector  and  the  perpendicular 
from  the  pole  on  the  tangent. 

In  the  fundamental  relation  (1)  we  have  a  variable  origin  (tbe 
incident  point  of  the  particular  ray),  and  a  reference  line,  p  (the 
radius  of  curvature),  whose  direction  varies  from  point  to  point  of 
the  reflecting  curve.  Tbe  transposition  to  a  definite  origin  and  a 
fixed  reference  line  (X)  may  be  effected  by  finding  an  expression 
for  the  difference  of  poflition  of  a  point  (S)  of  the  reflecting  curve 
and  a  corresponding  point  (C)  of  the  caustic,  in  coordinates,  x,  y, 
of  the  reflecting  curve,  and  X,  Y  of  tbe  caustic. 

Observing  that  the  inclination  of  the  reflected  ray  to  tbe  axis  of 
X  is  2i,  we  have,  evidently,  from  (1) 


a:  -  X  —  -jp  COS  i  ■ 


W-Y: 


1 


is2(;^ 
n2;.) 


If  p  be  the  perpendicular  drawn  from  tbe  origin  to  the  tangent 
at  any  incident  point,  8|,  and  u  be  tbe  inclination  of  p  to  the  axis, 
tiien  p  is  parallel  to  the  norma]  at  S ;  and,  as  the  incident  ray  is 
assumed  parallel  to  the  axis  of  reference,  we  have, 

"  =  . (3a) 
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Wiiting  01  for  i,  and  putting  for  p  itB  known  valae,  p  =  r  —;  and 
for  r  and  y  their  valoee,  r  cos  0  and  r  am  $ — the  equations  (3) 


Y=r8intf-  •;;r-'T--cos<a>ain2iti.  I 
2     lip  ' 

From  these  equations  it  ie  evident  that  if  p  and  u  were  known  in 
terms  of  r  and  &,  one  of  these  paiis  of  variahlea  might  be  leplaoed  by 
the  other,  and  the  equations  integrated.  This  condition  is  fulfilled  in 
the  case  of  all  curves  which  can  be  e^qiressed  in  the  two-term  polar  form 

1  fl"=f'-aBc/infll  f''^*™  *"  ^<1  "  "*  *"?  Bumbere,  int^ral  or 
fractional 

It  is  proposed  to  Investigate  the  caustics  of  curves  expressed  in 
this  form,  and  thereafter  to  determine  their  equivalents  in  z-and-y 
coordinates.  It  will  be  shown  that  the  equation  of  the  caustic  by 
reflexion  is  of  Uib  form — 

E  =  o-8ec'0>S)»in(ytf);  . 
or,        R  — (i-co8'(^)>Hin(^). 
where  I,  p,  q,  are  ^ven  in  terms  of  m  and  n. 

2.  Syttems  of  Derivative  Curvet. 

In  a  system  of  curves  of  difieient  degrees,  each  of  vhich  is  the 
pedal  of  the  curve  preceding  it,  and  the  negative-pedal  of  tiie  curve 
following  it  in  the  series,  by  a  koown  theorem,  all  the  tangents  of 
corresponding  points  of  the  system  make  equal  anglea  with  their 
respective  radius-vectors.  If  S„,  S„_],  &c.  (fig.  1),  be  correspond- 
ing points  in  such  a  series  of  curves,  all  the  angles  OS.  S.-u 
08.^1  S„s  ^,  are  equal  As  the  adjacent  angles  are  right  angles, 
it  follows  that  the  triangles  are  similar,  and  that  all  the  angles  at 
the  centre,  v.,  v..„  &c.,  are  equal  In  other  words,  if  i-_  be  the 
angle  between  the  radius-vector  and  the  perpendicular  on  the  tangent 
for  any  curve ;  v.4.1  the  corresponding  angle  for  the  negative-pedal, 
and  v^-i  the  corresponding  angle  for  the  pedal — then 

v-+.-v.-._., (6) 
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This  is  a  propeity  of  plane  carves  in  general,  and  is  not  peculiar 
to  the  ayatema  of  carves  which  are  considered  in  this  paper. 
B;  a  known  property  of  polar  equations  of  the  fonna — 

t"— o''coenrf,     .     .    {a),      and     r~=a"'8ec»rf,    .    .     (6), 

we  have  y^mS  (ot  all  values  of  m,  int^ral  or  fractional  This  may 
be  veriGed  by  logarithmic  differentiation  of  the  equations.  The 
forms  (a)  and  {b)  are  the  generalised  forms  of  the  equations  of  the 
primary  curves  whose  reflexion-caustics  are  to  be  found. 

(1)  From  (a)  the  first  form  of  the  equation  we  have 

p=rcoBv— -^-j  .-.  1*"'  =  *^;  or,  r=a""'     p 
Substituting  for  r  its  value,  the  equation  of  the  pedat  ia 

^'  =  (r+'coeK; (c) 

and  similarly,  we  find  for  the  equation  of  the  negative-pedal, 

pf^-a'^coec (<0 

(2)  From  (b)  the  second  form  of  the  equation  of  the  primary,  we 
find  for  the  equation  of  the  pedal, 

y'""  — a'~"Becv; (<0 

tad  for  the  equation  of  tiie  negative-pedal, 

(J .  ii+i  =  fl-+»  sec  V ('^'f 

(3)  In  order  to  find  a  geometrical  rektion  from  the  polar  difi'eren- 
tial  oxpreesions,  let  the  quantities  r,  p,  »,  and  a  be  reduced  to  the 
first  power,  then  from  (a),  (c),  and  (d)  we  have,  by  reduction  and 
differentiation, 

r=a-coB^v;  p-a-coB^'(v):  V''a-cofi^~\y).  .     .     (e) 

~v)         d(Bec"^  y)      d(8ec*v) 
d{a- cob'"    v)     rf(sec'"v)        d(s6cv) 


ffr     rf(a-cOB-K)         d(Bec-    y)      ^^aoc'v)     »,,cci-.      ...(/) 
dp"  ' 
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(4)  From  (b),  (e'),  and  (d")  we  obbun  aimilu'ly 

r  =  a  Bee"- V ;  p  =  a  •  sec  "^    y-  p  =  a  ■  aec^    c      .     -      («') 

3-  =  -5 — i—  =  ^1 ri  =  2  aec I'  (as  before)      .      (T) 

d(o-Boe"    y) 

Sy  a  known  relation  between  r,  p,  and  the  radios  of  cnrTatoze  p, 
''"'"^'  '■  |-§-^-'»-<»8^''v-i'(inthefiretcase).  .  (6) 
Similarly,  =  —  a  •  sec  "^   v — 1>  (aUo  in  the  second  case).    ...     (6) 

On  this  property  of  the  system  of  curves  (which  appears  to  have 
been  hitherto  unnoticed)  the  determination  of  the  equation  of  the 
caustic  is  founded. 

The  property  is  this  : — The  semi-radius  of  cuTvatoie  of  any  cnrre 
of  the  system  is  equal  in  length  to  the  radius-vector  of  the  negative- 
pedal,  or  next  higher  curve  of  the  eystem ;  so  that,  if  we  dietjnguish 
these  rodii  by  suffixes  corresponding  to  the  degrees  of  the  lespective 
carvaa  we  have 

1 

From  the  two  equations  (6)  we  have  also,  =  a  ■  sec"  i' •  sec  » 
=  r  sec  f,  where  p  and  r  are  the  radius  of  coivature  and  radios- 
vector  of  the  same  curve (6a) 

Moreover,  since  vmB  we  have  for  all  cnrves  of  the  eeries 
w  —  {m±\)9;  ^°>(mTl)fl,  whero  the  algns  are  determined  by  the 
geometrical  construction. (66) 

3.  ReJUxion-QiMstic*  of  TmhTerm  Polar  Curves  of  the  Degree,  m. 
Cask  1. — Eguation  of  the  Beflexiott-Caugtic  of  the  Curve, 

X       ±       $ 
r-  =  a"e6c—  - 

In  this  case,  the  primitive  curve  is  concave  to  the  pole. 

The  accompanying  diagram  (fig.  2)  is  drawn  to  scale  for  curves  of 
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the  4th  uid  5th  fractional  degrees  of  r  and  a ;  but  is  applicable  to 
the  proof  for  polar  equationa  of  any  fractional  degree. 

OV  is  the  reference  line  and  axis  of  ajnunetiy  of  the  curves. 

SS'  is  the  primary,  or  reflecting  curre,  which  may  be  denoted  by 
^i ;  SS',  its  n^ativB  pedal,  or  0j .  Their  equations  may  be  written 
for  present  purposee  in  the  form 


.-(l)-a. 


m  +  1^ 


m 


S  is  the  incident  point,  and  2  a  corresponding  point  on  the  n^tjve- 
pedal,  to  which  radii  OS,  02  are  drawn. 

8C  is  the  reflected  lay. 

OP  is  a  perpendicular  on  the  tangent  to  the  primary  at  S,  or 
ndius-Tsctor  of  its  pedal. 

The  rectangnlar  figure  OSSQ'  being  completed,  let  a  circle  be 
described  from  T,  the  intersection  of  diagonals,  as  cenite  through  the 
foar  points  0,  S,  S,  Q ;  and  let  QC  be  drawn  perpendicular  to  the 
reflected  ray,  and  therefore  meeting  it  at  a  point  G  on  the  circle. 

(1)  As  the  figure  SSOQ  is  rectangular  by  construction,  ^^SOS  — 
.^QSO;  SOS  is  also  analytically  =^SOP=v,  becaose  they  are 
respectively  the  angles  between  radiue-vector  and  peipeadicular  on 
tangent  of  the  two  curves,  ^  and  ^,  of  the  ayatem  (by  5). 

.-.  *;QSO--iSOP;  and  SQ  is  parallel  to  OP  the  perpendicular 
on  the  tangent  to  68'  at  S. 
.'.  SQ  is  a  normal  to  SS'  at  S,  and  being  also  —  SO  or  v,  it  is  the 

semi-radius  of  curvature  £  (by  6). 

Also  SC=SQ-ooaQSC=|-cost-|-.co8«..   .     .     (7) 

.'.  C  is  a  point  on  the  caustic  (by  2). 

(2)  To  find  its  coordinates  R  and  6,  we  have 

e  - -iSOV  - -i  SOC  = -iSOV  -  ^  SQC  -  fl  -  (90' -  «,), 
since  the  points  Q  and  0  lie  on  the  circumference  of  a  circle;  or, 
by  expressing  all  the  angles  in  terms  of  y, 

.•.e  =  (2m-l>-f  . 
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or  again,  by  changing  the  reference  line  for  the  caustic  from  X  to  Y, 

e  =  {2m-l)v (8) 

(3)  ALio,  R  =  0C-0S-Bin0SC=0S-8in0SC 

=  0S-flin(QSC-Q80);  -  05  •  sin  (QSC  -  SOS) ; 

.■.  E  =  P'Bin(u-i')  =  a-aec"*'f8in(n»-2)v (9) 

(by  taking  the  Tolae  of  v  from  (e').* 

If,  in  tbifl  equation,  we  aubetitute  for  v  its  value  from  (8), , 

ve  obtain  finally, 

m+i     9  .    fm-2  ^\  \ 

(10) 


m+i     9  .    fm-2  ^\  \ 

coa-*'-®-- adnr!lr_2e):   .     .    .1 


the  er{Qation  of  the  Beflexion-Canstic 

From  (9)  we  see  that  when  r=-0,  K»0,  and  there  ia  a  coq)  at 
the  principal  focus. 


When  v-^  R  ia  infinite. 

Cabe  2. — Bejtexion-Catietic  of  the  Curve, 


<)■ 


The  primitivB  curve  in  this  case  bIbo  is  concave  to  the  pole. 

(1)  In  diagram  (3)  the  construction  ie  Bimilar  to  diagram  (2),  only 
the  form  of  the  carre  is  different,  and  the  order  of  the  points  S,  S 
and  F  is  reversed.  Tbe  proof  ia  fiubstantially  the  same  as  in  case 
1,  as  fat  as  equation  (7),  and  C  is  a  point  on  tbe  caustic. 

By  (e)  and  (d)  the  equation  of  the  pedal  ia  given  by  changing  m 

into  =  ,  and  that  of  the  negative-pedal  by  changing  m  into ■ 

*  Tlie  change  of  the  Tsference  line  does  not  affect  the  value  of  B,  beoatut  the 
coefficient,  sin  (»  -  v)  is  ■  function  of  the  tttferenct  of  two  angle*. 
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Bat  these  formola  are  not  required  for  the  proof,  which,  aa  in  the 
preceding  case,  is  purely  geometricftl 

(2)  To  detennine  the  cooidinatea  of  B  and  0,  we  have 

« =- --SOV  - -i80C=.iS0V  -  ^SQC  -  tf  -  (90°  -  <«). 

.■.e.{2m  +  l>-^, 

or  by  chaDgiug  the  teference  line  to  Yj  d>>(2)n+1)>'.       .     .     (11) 

(3)  Also, 

R-OC-05-flmOSC  =  OS-8inOSCi 

-  OS  ■  ain  (QSC+ QSO)  -  OS  ■  sin  (QSC  +  SOS); 
.-.  B-ti-8in(o>  +  c)=a-coB''"'c-flin(»>  +  l>c+^ 
=  o  •  008  ""'•■■  sin  (m+ 2)k  . 

(by  taking  the  value  of  v  from  (e). 

Substituting  for  y  its  value  from  (11),  v~(a i)t    ve   have 

finally— 

E  =  a.cos-'(-®    VsiuC/^e),   or 

V2«ft+1'  ^2m  +  l     / 

It  is  easily  seen  that  Cases  1  and  2  aie  closely  related.  The 
cnrre  vhich  passes  through  correspondiog  points  of  the  series  of 
pedals  is  a  spiral  which  never  attains  the  centre,  having  an  infinite 
namber  oF  convolutions  in  both  directions. 

Casbb  3  and  i. — Beflexion-Ciiitslics  of  Curvet  ickieh  are  Convex 
to  the  Pole. 

The  equations  of  these  curves  are  of  the  fonns— 
**  —  a"  •  SBC  ntf ; 
r"  =  a"  ■  cos  nfl. 
In  the  corves  whose  equations  are  in  this  paper  considered,  the 
pole  is  evidently  either  a  focus  or  a  centre.     In  the  equations  with 
fractional  ezponento  which  have  been  already  considered,  the  curve 
is  generally  parabolic  and  the  pole  is  an  interior  focus.     But  if  the 
VOL.  XVn.  2G/9/80  T 
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exponent,  n,  ie  a  vbole  namber,  the  cntve  Ib  always  central  (as  will 
be  ehown  in  the  Bequel),  and  it  couedatB  either  of  infinite  branches 
which  are  convex  to  the  centre,  or  of  loopa  or  "  foliations  "  passing 
through  the  centre.  These  forms  are  shown  in  diagram  (4),  which 
has  been  very  carefully  drawn  to  illustrate  the  proof  of  the  general 
thf«orem  for  the  case  of  cuirea  of  integral  degrees  and  integral 
coefficients  of  6. 

The  curve  SS'S'  is  a  branch  of  a  real  curve  of  the  4th  degree 
(copied  from  my  paper  on  "Homogeneous  Equations"),  consisting 
of  four  hyperbolic  branches  symmetrically  placed  about  0  as  a 
centre.  The  four  foliations  of  the  pedal  paaa  through  the  centre  O, 
which  is  a  point  of  inSexion  for  these.  Only  two  of  the  foliations; 
F,  P',  are  shown  in  the  diagram.  The  ne^tive  pedal,  S2',  is  necea- 
sarily  parabolic,  because  only  at  the  point  infinity  does  its  tangent 
become  perpendicular  to  the  radius-vector,  or  asymptote,  of  the 
primary  curve. 

In  the  fignre,.  S  is  the  incident  point 

S,  1,  and  P  are  corresponding  points  in  the  three  curves,  from 
which  radii  are  drawn  to  O. 

SQ  is  the  normal  produced  to  SQ'  in  the  opposite  direction.* 

The  values  of  R  and  6  are  found  as  before,  attention  being  paid 
to  the  signs  in  the  general  expressions  (6  h)  viz.  to={m±\)6; 
t.imTl)e. 

To  avoid  fractional  expressions  it  is  convenient  to  reduce  angles  to 
B  instead  of  v.     It  is  unnecessary  to  give  a  figure  for  each  variety. 

Por  curves  of  the  forms  shown  in  figure  (4),  the  equation  of 
the  primary  being  r"  =  n"  cos  (n$),  that  of  the  caustic  b 
„f2«-l)9 


Casb  5,  — Bafiexion-Cmtstic  of  the  Curve  r°  =  o"-  cos  m6 . 

Where  the  coefficient  of  0  has  a  value  different  from  the  exponent 
of  r  and  a,  we  can  also  obtain  geometrical  solutions  or  simultaneous 

*  SC  in  the  reflected  raj  produced  to  C  in  the  opposite  direction.  Hie 
proof  is  the  eame  as  in  Case  1,  aa  far  u  Equation  (T),  if  we  anbatitnte  SC 
for  SC.  ThBD  taking  SC-SC,  C  ia  a  point  on  the  cansHc  It  ia  now 
evident  that  the  curve  should  have  been  treated  bb  ik  convex  reflector.  C  ia 
a  point  on  the  true  caustic,  if  tha  direction  of  the  incident  nj  be  reveraed. 
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Tslnes  of  linos  and  angles  from  which  poiutd  on  the  cauBtic  may  be 
computed. 

Theae  Are,  in  the  first  instance,  obtained  in  terms  of  the  coordi- 
nateg  of  a  fundamental  cnrve,  t'=a' cob  (n^),  whose  caustic  has 
already  been  found.  The  fundamental  curve  coordinates  r,  S,  •>>,  p, 
&c.,  are  distinguished  by  the  su£Sx  (1).  The  coordinates  of  ^ 
given  curve,  or  primary,  and  those  of  its  pedal,  negative-pedal,  and 
caustic,  are  distinguished  by  the  suffix  (2).    These  are — 

(1)  I  consider  those  to  be  correapouding  points  of  the  fundamental 
curve,  ^i(>'i,0t)i  and  the  given  primary  curve,  <^(r^6fi,  in  which 
rjTj;  accordingly  the  suffixes  for  r  are  omitted  in  the  proof. 
Hence  for  such  corresponding  points, 

cos"  n^i-coe=mtf,;     tf,-^.*,;       ...     (1) 

(2)  For  the  perpendicular  on  tai^nt  (or  radius-vector  of  the 
pedal),  we  have  ;>,=  r  cos  f^; 

.   de,      .    Am)     n.  dS, 

ft-^,; (2) 


•Ist^ 


=  £j  =  ^i_ 


•  COB  V, (3) 


also, 

„,,-^,TC,-v,  +  ^fl, (3") 

(3)  For  the  radius-vector  of  the  negative-pedal — observing  that, 
by  the  general  law  given  above  (5),  ^  between  pandr^^  between 
r  and  v=v — we  have  by  similar  right-angled  triangles, 

^  =  — ;  .-.  tf. -  — =  ^eecm6i^  =  -  rsecjA  :  {By  1). 

.-.  t,--'^ ; {*) 

For  the  angular  coefficient, 

*,  =  vj±tf,-vj±^, {4a) 
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(4)  Compariag  (4)  with  (2)  we  see  that  the  ratios  O ,  ^  ue 


It  is  thus  proved  that  foi  all  cmres  of  the  fonn, 
r'  =  a"co8nifl, 
where  the  exponent  msj  be  either  integral  or  fractiena],  the  eemi- 
radius  of  cnrratare  of  the  primaty  coive  is  equal  to  the  radios- vector 
of  the  negative-pedal.* 

(6)  It  results  from  the  value  last  foand  that  all  the  geometrical 
relations  deduced  from  tiie  diagrams  fat  the  fundamental  curves 
are  true  for  similarly  constructed  figures  applicable  to  the  curves 
heie  considered,  where  m  and  n  have  different  values. 

If  we  take  a  system  of  curves  in  the  form  of  the  figure  of 
diagram  4,  we  find  for  Bj  and  6j — 

From  the  relation, 

-iSOC  =  ^SQ'C  =  90°  -  QSC  =  flO"  -  <oj ; 

ej-tf,+S0C'=tfj+Y-"^;     ....    (6) 

From  the  relation,    .<;.C0S==-iiS05-SCKy  =  i'i+<*,--f , 

fi,=OS-cosCOS-i',-sin(i'+ws)      ....     (7) 

From  these  simultaneous  equations,  a  point  Bj,  6,  on  the  causUc 
may  be  found  corresponding  to  any  point  on  the  primary ;  and  from 
(3)  and  (4),  points  on  the  positive  and  n^ative  pedals  may  he 
similarly  determined. 

Lasll!/,  It  is  evident,  by  inspection  of  the  diagiame,  that  all 
circles  described  on  a  semi-radiue  of  curvature,  as  diameter,  pass 
through  the  pole,  which  pole  is  either  a  centre  or  (in  the  case  of 
parabolic  curves)  a  focus. 

This  curious  geometrical  property  is  known  to  be  a  property  of 
parabolas  of  the  2nd  degree,  and  from  it,  if  four  points  be  given, 
the  focus  of  the  parabola  may  he  found.     I  am  not  aware  that  the 

"  Tha  proofprotebly  «dmit«ofBitonaioiitotliefonnr"-a''0OBm9.COTj>», 
but  thU  has  not  been  coaplstely  inrsatigsted. 
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extenaioa  of  this  theorem  to  oU  two^term  polar  equatdona  has  been 
preriously  ^ren. 

By  meana  of  Formula  10,  the  equations  of  the  following  curvw 
with  their  canstica  may  be  written : — 


ReFLBOTIKO  C0HVE. 

Caustic. 

m=    2 

r-a-»c>(i») 

E-0(Piir.bol.). 

m=    3 

r==a 

««'(S«) 

E-a 

sec*(itf)-sin(ifl). 

m=  i 

r  =  a 

««<(}«) 

E-s 

sec^dtf). 

iin{?tf). 

m-   6 

r=o 

•»  '(tS) 

E-a 

seo»(ie). 

m(JC). 

m=   8 

r^a 

«c'(J«) 

B  =  a 

sec  •(Afl). 

in(i6). 

m-11 

r^a 

"~"(A») 

E-a 

sec"(='T<'Jam(?fl). 

t»  =  14 

r  =  a 

"««"(t'i») 

R-a 

sec"{^tf)- 

wn(J(»). 

m-17 

r^a 

"""(A*) 

S-a 

«c"(^(l). 

in(AO). 

m-20 

r-ansOiJ^fl 

E-a-««"(A«).u.(A«). 

For  all  values  of  m  exceeding 

regolar  law 

If  t»-3n+6,  the  fiist  coefBcient  of  «  is  ^i-^. 

and  the  second  co 

Bfficieatof»i8 

2»+3 

Similar  results  might  be  given  for  the  caosUcs  compiised  in 
Formula  12,  and  of  coarse  in  both  cases,  also  for  fractional  indices 
of  the  secants  corresponding  to  integer  indices  of  r  and  a  in  the 
usual  form  of  the  equation. 

Casb  6.— CsewMm  o/OUique  PerwUa. 

The  case  of  a  pencil  of  parallel  rays  inclined  to  the  axis  of  the 
reflecting  curve  may  be  next  considered. 

Let  p  be  the  inclination  of  the  pencil  to  the  axis  of  synunetry, 
then  the  inclination  of  the  reflected  ray  to  the  normal  is  u+j3,  and 

the  distance  of  the  new  focal  point,  C,  Is  ^•co8(u-|-/3). 

By  inspection  of  diagram  2,  it  ia  evident  that  as  OC'S  is  a  right 
angle,  the  new  point  C  lies  on  the  circle  SSOQ,  but  is  nearer  the 
reflecting  curve  or  further  from  it,  according  as  the  incident  ray  ia 
inclined  from  ^e  axis  or  towards  it. 

In  going  over  the  proo^  if  we  allow  for  the  quantity  j3,  we  shall 
find  for  6  in  the  caustic  the  value  (^iK-\)v±p;  and  for  R  tlie 
value  r'sin(m-2)i'±;8. 
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Tbe  equation  of  the  canatic  af  oblique  peucila  (Cask  1)  is  accord- 
ingly 


lM\.^Jj!L-miJ 


„(e±£ 


■    ■    (13)- 


(2^-1) 
In  the  parabola  wa  have  from  thia  eqnatioa 

By  taking  a  new  refereuca  line,  making  ^  ~  y  with  the  old,  this 
reduces  to 

whicli  is  the  eqnatiou  found  by  an  independent  geometrical  proof 
in  the  paper  read  to  the  Koyal  Astronomical  Society,  lefetred  to  in 
the  introductory  paragraph  of  this  paper. 

We  now  see  that  this  is  only  a  particular  cose  of  the  form  (12)  of 
the  general  equation  of  the  reflexion-caustics  of  polar  curves. 

4.  Loots  of  the  Field  of  View  in  the  Optical  Caiuiic 

In  the  preceding  paragraph  it  is  pointed  out  that  for  a  given  point 
8  on  the  reflecting  surface,  all  the  focal  points  C,  C,  &c,  for  pencils 
of  different  inclinations  lie  on  the  same  circle  SSOQ. 

If  So  be  the  vertex  of  the  reflecting  curve,  the  series  of  pointe  C,  C, 
&c.,  are  the  principal  foci  for  different  pencils  {e.g.,  stars  in  the 
telescopic  field),  and  these  all  lie  on  a  circle  in  a  principal  plane 
whose  diameter  is  the  principal  focal  length.  Por  a  reflecting  sur- 
face of  revolution  the  field  of  view  is  accordingly  the  surface  of  a 
sphere  whose  diameter  is  the  focal  length. 

From  a  note  communicated  to  me  by  Professor  Cayley,  and 
quoted  in  the  above-mentioned  paper,  it  would  appear  that  this  is  a 
property  of  all  reflecting  surfaces.  It  may  now  be  added  that  if 
any  other  point  S,  on  the  reflecting  surface  be  taken,  the  foci  for 
all  pencils  reflected  at  this  point  in  a  principal  plane  also  lie  oa  a 
circle  whose  diameter  is  half  the  radius  of  curvature  at  the  point 

This  property  is  not  confined  to  the  polar  corves  here  investigated, 
because  it  results  from  the  general  equation  for  the  length  of  the 
reflected  lay  as  given  by  Sir  William  Hamilton  in  the  paper  above 
referred  to.    Thie  circle  corresponds  to  the  generating  circle  of  the 
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epicycloid  which  is  the  caostic  of  the  circle  of  curvature  at  the 
giveii  point ;  and  the  caustic  of  any  reflecting  curve  ia  eTidently  the 
envelope  of  all  the  epicycloidal  caustics  of  the  circles  of  curvature. 


5,  Eqaivaimit  in  Cartman  Coordinates  of  the  Polar  Curves  whoee 
Causiiee  have  been  found. 

For  polar  corves  having  integral  indices  and  coefficients  n  and 
m,  the  equivalents  in  rectangular  coordinatee  ate  easily  found. 
Cos  m0,  when  expanded  in  terms  of  coa  tf,  is  always  a  homogeneous 
expression  in  sin  6  and  cos  $,  provided  that  m  is  an  integer,  and  it 
is  easily  proved  by  the  inductive  method  that,  if  the  expansion  be 
homogeneous  for  any  one  value  of  nt,  it  is  also  homogeneous  for 
m  +  l,  and  therefore  for  any  integral  value  of  m.  The  expan- 
sions of  cosm^  for  even  numbers  from  m  — 2  to  nt— lOareu 
follows : — 

Coe25-coa«»-ain»«; 
Cosi^-cos^fi-    6cofi^tf-BiD^-l-Bin*0i 
Cos  W  -  cos'tf  - 1 5  coH«fl  ■  8in»tf  + 1 6  cob!*  •  ein'fl  -  Bin'* ; 
Cos  8tf  =  cosV  -  28  co^e  ■  B\n'0+  70  cos*tf  ■  sin*fl  -  28  coe^tf  -  sin** 
+  sine(J; 

Cob  TOfl  -  cosiofl  -  45  cos»tf  •  sin'fl  +  210  coa'tf  •  ain^d  -  210  co8*fl  ■ 
ain«fl  +  45  cos'tf  ■  sin»«  -  sin'**. 

The  law  of  the  expansion  is  tbia; — It  contains  the  even  terms  of 
the  binomial  theorem  with  the  sign  of  every  alternate  term  changed. 
The  expansion  of  sin  m$  containe  the  odd  terms  of  the  binomial 
theorem,  with  the  signs  of  alternate  terms  changed. 

From  the  values  of  cos  m$  above  given  the  equivalents  of  polar 
equations  for  even  values  of  n  and  m  may  be  written  out  as 
follows : — 

For  equaiitms  of  the  form  f^a'aoc  (mC),  or  a'  —  r'  cos  {ni6), 

suppose  »'  10; 
ai<»=r"'coe(10fl). 

-«'»-45*«i^+210i«y*-210ar'/  +  45.ey-3/>»;   ...     (1) 
a'"  -  r">  ■  cos  (8*)  -  {r«  +  y*)  •  r*  -  cos  (8fl), 

-(«Ul/>){a^-28;^y>+70*V-28«V  +  /-};    ...     (2) 
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a"  =  ri"  -  cos  {«#)  =  (x»  +  yi^' ■  »*  ■  coa  W, 

a'0-r'»co«(«)-{a^+y*)»{x*-6a:VHy*};          ....     (4) 
a">  =  r>''cos(2tf)-(«a+y*)*{x*-y»} (5) 

To  these  may  be  added — 

aio-rJi-ooeStf-eoBSfl;  ai*-7J»(»a2fl-coe«;  a"»  =  r*"  coe  2« - 
coaM;  a"-r»»C0BS{2tf)i  10"'  =  ri'»coa''(3tf). 

When  these  x-exA-y  equations  are  fully  expanded,  the;^  are  found 
to  be  central  heiuogeueona  equations  of  the  10th  degree,  each  baring 
its  distinct  combination  of  +  and  -  signs.  Numbers  (1)  to  (6)  are 
all  hyperbolic  curves  without  inflexions,  and  having  the  branches  of 
each  curve  all  equal  and  all  symmetricallj  disposed  about  a  centre. 
These  characteristics  evidently  apply  to  all  curves  of  even  iutegral 
degrees  so  obtained. 

In  (I)  there  are  10  asymptotes,  with  angular  intervals  of  18°,  and 
10  real  branches. 

Is  (2)  there  are  8  asymptotes,  with  angular  intervals  of  22J°,  and 
8  real  branches. 

Id  (3),  (4),  and  (S)  the  number  of  asymptotes  and  branches  are 
respectively  6,  4,  and  2,  and  the  angolar  intervals  are  30°,  45*,  and 
90°,  the  circle  being  alwaya  equally  divided.  The  curves  of  the 
equations  containing  two  coeiues  have  not  been  examined.  The 
above  are  all  the  symmetrical  homogeneous  hyperbolic  curves  that 
can  be  formed  in  the  lOth  degree,  and  for  any  degree  the  number 
of  Buch  curves  is  evidently  n/3.  They  are  all  curves  of  "  perfect 
symmetry"  in  the  sense  defined  in  the  introductory  paragraph. 

If  m  exceed  n,  as,  for  example,  in  the  expression  a'^^r^"  cos  (129), 
we  obtain  by  transformation  to  rectaugolar  coordinates  a  homogeaeoua 
equation  of  the  second  class  (so  termed  in  my  paper  on  this  subject), 

(.&,  of  the  form  ^■(*,y)  =  *,{*iy)i  or  y";^'^(»l.  The  number  of 

v,\x,  y) 
such  curves  (all  traceable)  for  any  degree,  »  -p,  is  infinite. 

For  the  equations  of  iAe  form  r* = a"  •  cos  (mtf )  or  a"  =  r"  sec  (mtf), 

above  &m»idvreA, 

we  also  obtain  homogeneous  Cartesian  equations  of  the  second 
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daas.  These  are  of  the  looped  or  foliated  type.  Thoee  of  the  6th 
d^;ree  are  figured  in  my  paper  on  homogeneoue  equations.  Ad  in- 
finite Domber  of  each  cuires  (all  traceable)  may  be  formed  for  a 
giTen  degree  (n  —p)  by  augmenting  the  values  of  n  and  p. 

It  is  evident  that  the  caustic  will  not  in  general  be  the  locus  of  a 
homogeneous  equation.  If  we  take,  for  example,  the  solution  in 
(Equation  10),  p.  288, 


-(^,)— (£^:e), 


the  condition  that  the  curve  shall  be  a  homogeneous  equation  of  the 
second  class,  or  of  the  form  ^^{x,  y)  »  ^f(x,  y)i  is  that  the  coefficients 
of  6  shall  be  whole  numbers ;  that  ia,  ^ ,  and  must  be 

integers,  in  order  that  the  expansions  of  the  two  trigonometrical 
quantities  may  each  be  a  homogeneous  expression  in  sin  6  and 
cos  6,  and  ao  be  transformable  into  homogeneous  equivalents  in  x 
and  j/. 

STn-Uieaia  by  Means  of  Eleotrolysia— Part  III.  STntbeeds 
of  n-Dlcarbodeoahezanio  Axnd.  By  Prof  Ontm  Brown 
and  Dr  James  Walker. 

(ReadJaD«le,  1S90.) 

(AbOracL) 

The  synthesis  of  the  diethyl  ether  of  this  new  acid  was  effected  by 
the  electrolysis  of  a  strong  aqueous  solution  of  potassium  ethyl 
sebate,  COOCjH((CHj)gCOOK.  This  salt  was  prepared  by  adding 
the  calculated  quantity  of  alcoholic  potash  to  an  alcoholic  solution 
of  diethyl  sebatc;  After  some  time  the  potassium  ethyl  salt  began 
to  separate  out :  the  whole  was  then  boiled,  allowed  to  cool,  and 
filtered.  What  remained  on  the  filter  was  dissolved  in  water ;  the 
aqueous  solution  was  extracted  twice  with  ether,  and  then  evapo- 
rated to  a  conceutiation  suitable  for  electrolysis  (cf.  this  voL  p.  64), 

When  the  electric  current  was  passed  through  the  cold  solution, 
it  rapidly  diminished  in  intensity,  and  in  a  few  moments  ceased  to 
flow  altogether.  This  we  found  to  be  due  to  the  fact  that  the  pro- 
duct of  electrolysis  is  solid  at  the  ordinary  temperature.     Heating 


,.  Google 


298  Proeeedinga  of  Soyal  Society  of  Edivhurgk.  [mas- 

to  50°  restored  the  current.  On  completion  of  the  electrolTaU  a 
oolourleM  oil  was  Been  to  float  to  the  surface  of  the  liquid,  and  this 
oil  on  cooling  eolidified  to  a  white  crystalline  mass,  which  waa 
washed  eeveral  times  with  water,  dried,  and  analysed.  The  results 
of  analysis  were  as  follows : — 

-1628  gr.  Bubstance  gave  -4254  gr.  CO^ 

and  -leSZgr.HiO 
Found.  Cilcnkted  for  CnH^O^ 

C    71-26  percent  71-36  per  cent. 

H    11-51       „  11-35       „ 

The  BubBtance  thns  corresponds  to  the  formula  CjgH^jO,,  showing 
that  the  reaction  took  place  in  the  expected  direction,  vit — 
2C2H5COO{CHa)eCOOK=CaH„COO{CHj)|oCOOC,H5+2CO,  +  2K 

The  acid  of  which  this  substance  is  the  diethyl  ether  we  propose 
to  name  n-dicarbodecahexanic  acid.  The  ether  melts  at  43°,  is 
practically  insoluble  in  water,  soluble  in  ether,  is  sparingly  soluble 
in  cold  alcohol,  but  when  melted  mixes  freely  with  hot  alcohol.  It 
possesses  a  faint,  somewhat  unpleasant  smell,  and  decomposea 
rapidly  when  heated  to  200°.  In  order  to  saponify  it,  its  boiling 
alcoholic  solution  shonld  be  added  gradually  to  a  boiling  solution 
of  potash  in  alcohol.  The  potassium  salt  separates  out.  It  is 
easily  soluble  in  water,  giving  a  soapy  solution. 
Analysis  of  the  potassium  salt  gave  the  following  numbere : — 
-3665  gr.  substance  gave  -1253  gr,  K^COj 

Found.  Calculated  for  CuH^OjK, 

K     19-87  per  cent.  20-00  percent 

The  calcium,  barium,  zinc,  lead,  silver,  and  copper  salts  fall  out 
from  an  aqueous  solution  of  the  potassium  salt  as  insoluble,  mostly 
gelatinous,  precipitates.    The  copper  salt  is  green. 

The  acid  itself  is  precipitated  in  gelatinous  form,  but  from  hot 
alcohol  it  separates  on  cooling  in  small  hard  warty  masses.  It  is 
practically  insoluble  in  water,  only  slightly  soluble  in  cold  alcohol 
and  in  ether.     Its  melting-point  is  118°, 

The  yield  of  the  dicarbodecahexanic  ether  is  over  20  pet  cent 
of  the  sebacic  ether  employed. 
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STntheaia  by  Ma&ns  of  MeotrolyBia — Fart  IV.     Syntheeis 
of  Suberic  and  n-Dioarbododecanio  Acids.     By  Prof. 
Cmm  Brown  and  Dr  Jamea  W^alker. 
(B«adJnlj7, 1890.) 
{Aletraet.) 
Suberic  Acid. — In  continuation  of  oar  synthesoB  of  dibasic  acids 
by  means  of  electrolysis,  we  have  prepared  suberic  acid  from  glu- 
tario  acid,  and  from  the  former  again  a  oev  acid,  which  we  term 
n-dicarbododecanic  acid. 

Potassium  ethyl  glutarate  was  electrolysed  nnder  the  same  condi- 
tioDS  BB  are  described  in  ooi  first  paper  {Proe.  Boy.  Soc.  Edin., 
1888-9,  p.  54).  A  colourless  oil  floated  to  the  top  of  the  solution 
after  completion  of  the  electrolysis.  This  oil  was  separated,  dried, 
and  heated  for  some  time  on  the  water-bath  to  drive  off  any  alcohol 
formed  by  saponification  of  the  potassium  ethyl  salt  by  the  potas- 
sium (potash)  liberated  at  the  u^^tive  pole.  It  was  found  to  boil, 
Dot  Tsry  constaDtly,  between  265°  and  375°  (uncorrected).  Analysis 
yielded  the  following  reenlts : — 

•1137  gr.  substance  gave  '2602  gr.  CO, 

and  -0959  gr.  HjO 

Fonnd.  Calculated  Tar  C„H„Oi 

C      62-41  per  cent  62-61  percent. 

H      9-37       „  9-56      „ 

On  saponiGcatioD,  a  white  potaseium  salt  was  obtained,  which 
could  be  recrystallised  from  alcohol.  The  acid  prepared  from  this 
by  precipitation  melted  at  138°.  Analysis  of  the  potassium  salt 
resulted  as  follows : — 

■2484  gr.  gave  -1388  gr.  K,COj 

Found.  Cdcnlstad  for  E,CaH„0« 

K    31-6  per  cent.  31-2  per  cent. 

The  yield  of  ether  is  about  20  per  cent  of  the  potassium  ethyl 
glutarate  employed. 
n-Diearhododecottir.  Acid. — Potassium  ethyl  snberato  falls  out 
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after  a  short  time  when  the  calcalated  quantity  of  moderately 
strong  alcoholic  potash  is  added  slowly  to  a  strong  alcoholic  eolu- 
tioa  of  suberic  ether. 

A  strong  eolation  of  this  salt,  when  electrolysed,  yields  &  colour- 
leas  oil,  which  floats  to  the  top  of  the  Bolntion.  This  oil,  after  being 
freed  from  alcohol,  eoUdifies,  on  standing  for  twenty-four  hours,  to 
a  pure  white  crystalline  mass.  When  dried  on  porous  tile  Uie 
crystals  melt  at  27°  quite  sharply.    Analysis  :— 

-1249  gr.  substance  gave  '3146  gr.  CO, 

and  -1235  gr.  HjO 

Fonnd.  CaleuUted  for  CmBmOi 

C     68-69  per  oenb  68-79  per  cent. 

H    10-98      „  10-83      „ 

Tbe  crystals  are  soluble  in  alcobol  and  ether,  insoluble  in  water. 

Saponification  yielded  a  potassium  salt  very  soluble  in  water,  and 
alightly  soluble  in  cold  alcohol  A  solution  of  this  salt  was  pre- 
cipitated by  ealts  of  barium,  calcium,  zinc,  silrer,  and  copper,  the 
precipitates  being  all  floccnlent  and  extremely  insoluble  in  water. 
The  copper  salt  is  green.  The  silver  salt  is  exceedingly  soluble 
in  ammonia.  The  acid  prepared  from  the  potassium  salt  melts 
at  122*.  Analysis  of  the  barium  salt  yielded  the  following 
result : — 

-4261  gr.  substance  gave  -2531  gr.  BaSO^ 

Foottd.  Ciicalated  for  BaCuUMO^ 

34-92  per  cent.  34-86  per  cent. 

Tbe  yield  of  ether  in  this  case  reaches  over  20  per  cent  of  the 

theoretical  value. 


FTdliminary  Experiment  on  the  Thermal  Conduotivity  of 
Aluminium,     By  A.  Criohton  Mitchell,  B.Sc. 

(EeadJoly?,  law.) 

Tbe  recent  improvement  in  the  process  of  manufacture  of  pure 
aluminium,  and  the  consequent  lowering  in  its  price,  has  placed 
it  within  the  leach  of  those  who  desire  to  make  any  experiments 
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requiring  large  qasntitieB  of  thii  anbstaiice.  It  seemed  deairable 
that  ftn  isrestigation  of  tbe  thermal  conductivity  of  aluminium 
and  its  alloys  should  be  made,  bnt  before  obtaining  the  neceaaary 
ban  a  smaller  bar  was  obtained  from  ezperimeuts  on  which  a  pre- 
liminary notion  was  got  of  the  thermal  conductivity ;  this  being 
neceesaiy  in  oider  to  determine  the  most  convenient  dimensions  for 
the  long  bats  used  in  Forbea's  method  of  conducting  tbeee  ezperi- 
ments. 

The  present  note  gives  the  result  of  this  preliminary  experiment 
The  small  bar  used  was  furnished  by  the  Aluminium  Company, 
Birmingham,  who  now  manufacture  pure  aluminium  by  the  Beville- 
Castnet  proceas.  Analysis  showed  that  the  particular  sample  used 
contained  nearly  98  per  cent,  of  pure  metal,  the  chief  imparity  being 
iron.  The  method  employed  for  finding  the  conductivity  was  suh- 
stantially  that  of  Forbes,  the  only  diSerence  being  that  the  cooler 
end  of  the  bar  was  inserted  in  a  cold  bath.  The  bar  used,  being 
30  mohes  long  and  1  inch  square  in  section,  was  of  such  a  length  that 
it  could  be  also  used  for  the  cooling  experiment.  Four  holes  were 
drilled  in  the  bar,  separated  by  intervals  of  3  inches.  The  thermo- 
meters  used  were  those  employed  in  Professor  Tail's  and  my  own 
previous  work.  The  source  of  heat  was  simply  a  Bunsen  burner, 
applied  to  one  end  of  the  bar. 

For  such  a  preliminary  experiment  it  is  unneceesary  to  give  all 
the  data  regarding  rates  of  cooling,  values  of  tangents,  &a ;  and  it 
will  therefore  snfBce  to  state  aimply  the  result.  By  these  experi- 
ments the  tkermai  conductivity  of  aluminium  was  found  to  be 
■072  when  expressed  in  foot-pound-minute  units.  This  number 
represents  the  conductivity  at  (about)  lOO'C.  The  conesponding 
numbers  for  other  metals  are — 

Copper,  .        .     -071 

Iron, -0116 

German  silver,      .        .        .     -0078. 

Henea  the  thermal  conductivity  of  aluminium  (see  7Van&  Roy.  Soc 
Edin.,  voL  zxxiii.  p.  669)  ia  slightly  greater  than  tiiat  of  the  best 
conducting  copper. 

Recently  (see  Nature,  June  20,  1889),  in  a  lecture  delivered  at 
the  Royal  Institution,  London,  Sir  H.  Roscoe  stated  that  Faraday 
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had  found  that  aluminium  conducts  heat  as  well  as  silver,  bat  I 
have  been  unable  to  find  this  result  of  Faraday'B,  oi  any  reference 

to  iti  in  his  papers. 


Note  on  Electrolytio  Oonduotton.     By  Robert  L.  Mond, 

B.A. 

(Bead  July  10,  1800}. 

At  the  suggestion  of  Professor  P.  G.  Tait,  I  undertook  the  farther 
investigation  of  an  ezperimeat,  an  account  of  which  he  commoni- 
cated  to  this  Society  on  Monday,  the  15th  of  April  1878. 

In  this  experiment  a  platinum  plate  of  moderate  thickness  is  in- 
serted between  the  electrodes  of  an  electrolytic  cell,  so  as  to  com- 
pletely fill  the  cross^ection.  This  platinum  plate  thus  becomes  the 
common  electrode  of  two  cells,  and  on  perforating  it  it  is  fonnd  that 
a  comparatively  small  hole  at  once  changes  its  functions  to  that  of 
an  obstacle  in  one  cell. 

It  is  interesting  to  study  experimentally  as  fully  as  possible  the 
complete  chain  of  events  from  the  fitet  perforation  to  the  total 
removal  of  the  plate. 

The  interpoeition  of  a  platinum  plate  of  the  same  dimensions 
as  the  electrodes  (namely,  1  sq.  cm.)  reduced  the  strength  of  the 
current  to  about  one-half.  The  plate  was  then  perforated  with  a 
fine  needle,  readings  being  taken  for  each  perforation. 

The  strength  of  the  current  is  observed  rapidly  to  rise,  the 
quantity  passing  through  the  plate  rapidly  and  regularly  decreasing; 
a  transition  period  ensues,  after  which  the  whole  current  passes 
through  the  holes.  The  polarisation  remains  practically  constant 
for  the  experiment  as  long  as  the  area  of  the  perforations  Is  small 
compared  to  that  of  the  plate. 

The  results  thus  obtained  were  plotted  as  carves,  the  deflections 
of  the  galvanometer  being  measured  along  the  axis  of  ordinales,  and 
the  niuuber  of  holes  along  the  axis  of  abscissffi. 

The  first  curve  (A)  was  obtained  by  using  one  central  plate  of  1 
aq.  cm.  area,  the  currents  being  obtained  from  storage  cells  arranged 
to  give  10  volte,  and  the  deflections  were  measured  on  a  Helmholtz 
Tangent  Galvanometer.  Seventy  perforations  were  made,  each  hole 
having  approximately  -g^  sq.  cm.  section. 
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This  curve  shows  thsA  onl;  the  first  few  points  obtained  show 
tnj  rapid  rise  in  current  strength,  the  curve  tending  to  become 
parallel  to  axis  of  abaciase,  which  it  does  when  the  plate  is  re- 


Id  order  to  mote  fully  elucidate  the  first  points  on  this  curve, 
three  plates,  of  1  sq.  cm.  each,  were  interposed  instead  of  oue,  the 
storage  cells  being  nsed,  arranged  in  the  previous  manner,  the 
results  for  10  holes  being  embodied  in  curve  (B),  the  deflections 
being  those  of  Sir  William  Thomson's  Aeflecting  Galvanometer  of 
23'3  B.A.  units  resistance,  shunted  through  a  resistance  of  1  ohm. 

8iace  the  mechanical  disturbance  due  to  the  liberation  of  gas 
bubbles  vitiated  the  results  obtained,  the  experiment  was  repeated 
with  the  current  from  two  Bunsen  cells  whose  E.  M.  F.  was  about 
1'8  volt  each;  the  size  of  the  plates  remaining  the  same,  the  tesnlts 
for  nine  holes  in  each  plate  are  plotted  in  curve  (G). 

For  the  first  two  holes  in  the  plates  the  curve  is  practically  a 
straight  line,  a  groat  part  of  the  current  still  passing  through  the 
platinum;  for  the  next  three  holes  we  observe  the  transition  period, 
and  after  that  the  whole  of  the  current  flows  through  the  holes,  the 
current  alowly  and  regularly  increasing  In  strength  as  the  cross- 
section  of  the  liquid  passing  through  the  holes  is  increased. 

This  experiment  was  repeated  under  the  same  conditions  with 
much  larger  plates  (having  an  effective  area  of  24  compared  to  6  sq. 
cm.).  The  carve  (D)  did  not  give  very  satisfactory  results,  it  very 
quickly  becoming  a  straight  line. 

The  experimental  difficulties  were  greater  than  at  first  suspected, 
especially  in  finding  a  means  for  firmly  securing  the  platinum.  This 
wss  finally  achieved  by  making  the  whole  cell  out  of  a  block  of 
paraffin,  the  platinum  being  firmly  imbedded  along  the  edges  in  the 
latter.  Great  care  had  also  to  be  taken  to  keep  the  surface  of  the 
platinum  clean  and  to  ensure  the  electrolyte  passing  through  the 
holes  when  made. 

In  conclusion,  I  must  express  my  best  thanks  to  Professor  Tait 
for  his  advice  and  the  facilities  placed  at  my  disposal  during  these 
and  other  experiments;  likewise  to  Dr  Peddle,  for  the  intereet  he 
has  taken  in  my  work. 
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List  of  West  Australian  Birds,  showing  their  Oeo- 
graphioal  Distribution  throoghout  Australia,  indad- 
ing  Tasmania.  By  A.  J.  Campbell,  F.L.S.  Conantmi- 
eated  by  Bev.  James  MaoOregor,  B.D.,  F.R.S.  Edin. 
(With  a  Ifap). 

(R«*d  Jane  10, 18W.) 
"  There  were  but  few  land  fowls.  We  Baw  none  bat  eagles  of  the 
larger  sort  of  biida,  bat  five  or  six  sorts  of  small  birds.  The  biggest 
sort  of  these  were  not  bigger  thaa  larks,  some  no  bigger  than  wrens, 
bU  singing  with  great  variety  of  fine  shrill  notes ;  and  we  saw  some 
of  their  nests  with  young  ones  in  them.  The  waterfowls  were 
ducks  (which  had  young  ones  now,  this  being  the  beginning  of  the 
spring  in  these  parts),  curlews,  galdens,  crab-catchers,  cormorants, 
gulls,  pelicans,  and  some  water-fowl  each  as  I  have  not  seen  any- 
wbeie  besides."  Such  are  the  quaint  remarks  of  the  celebiat«d 
British  navigator.  Captain  William  Dampier,  when  in  Shark's  Bay, 
August  1699,  on  his  second  visit  to  Xew  Holland.  This  is  probably 
the  first  recorded  note  of  the  avi-fauna  of  Western  Australia,  or 
indeed  of  any  part  of  Australia,  if  we  except  Ylaming,  who  two 
years  previously  introduced  into  Europe  the  black  swan  for  the 
first  time,  Tlaming  in  1697  discovered  and  named  the  Swan 
River  (upon  which  Perth,  the  capital  of  Western  Australia,  stands), 
on  account  of  the  number  of  these  exceedingly  handsome  birds  he 
found  upon  that  water. 

Gilbert,  the  worthy  coadjutor  of  the  immortal  John  Qonld, 
between  the  years  1639-42  worked  up  the  bulk  of  the  ornitho- 
logical notes  of  Western  Australia  which  we  are  in  possession 
0^  and  which  are  embodied  in  Gonld's  Birds  of  AMstralia.  By 
reason  of  the  number  of  aboriginals  he  had  to  assist  him,  Gilbert's 
work  was  very  accurate  and  complete.  On  the  28th  June  1845, 
poor  Gilbert  met  a  premature  death  at  the  bands  of  tieacberons 
natives  during  Leichardt's  expedition  to  North  AustialiiL  Gould 
pathetically  adds,  "and  so  I  lost  an  able  coadjutor  and  science  a 
devoted  follower." 

Then  George  Hasten,  assistant  cnrator  of  the  Australian 
Museum,   Sydney,   on  two  occasions,  and  ClockeieU  on  his  own 
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In  lefuieDce  to  the  range  of  dietribatioa  aver  the  other  parts  oS 
Austmlta  of  the  Weet  Anstnlian  birds,  the  Table  ie  chiefly  the 
results  of  obBerrationa  when  on  brief  ezcnreiona  to  the  other  colonies 
daring  the  m&ny  years  I  have  been  working  at  the  "  Oology  of 
Anstralian  Biide,"  Bat  where  peisonal  knowledge  of  any  species 
did  not  exist,  I  have  referred  to  Qould's  and  Dr  Ramsay's  talinlar 
lists,  so  as  to  lender  the  distribution  as  complete  as  possible  up  to 
date.  For,  no  donbt,  as  the  various  colonies  are  farther  explored 
and  opened  up,  so  there  will  be  many  ezlennons  of  localities, 
and  probably  not  a  few  new  species  or  Taiieties  discovered, 
eq>eciaUy  in  the  iax  interior  and  the  north-west  of  our  vast  island 
continent 

It  occnrred  to  me  that  the  divisional  line  between  west  and  north- 
west might  be  conveniently  drawn  abont  the  Itepic  of  Capricorn  or 
the  North  West  Cape.  The  same  imaginary  line  is  also  used  to 
subdivide  N'orth  from  Sonth  Queensland. 

At  some  future  time  I  hope  to  fiuuish  a  more  complete  liat  of 
the  north'West  birds  of  Western  AuBtralia,  because,  knowing  the 
nature  of  the  country,  I  am  senBible  tbat  many  hiaiue  occur  in  that 
column. 

There  are  between  760  and  770  known  Australian  birds. 
Bather  more  than  one-third,  or  about  280,  occur  in  Western  Australia 
(in  that  portion  south  of  the  Tropics),  and  are  distributed  as 
follows : — 
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1889-oa]      Mr  Dott  and  Dr  Stockman  on  Morphine. 


Phaimaoology  of  Morphine  and  its  DerivataTea.  By  D.  B. 
Dott,  F.C.S.,  F.LC,  and  Ralph  Stockman,  M.D.,  Research 
Scholar  of  the  Britieh  Medical  Aesodation. 

(Bead  July  7,  1890.) 

It  is  necessary  for  a  clear  nnderstanding  of  the  chemical  changes 
which  occur  on  trsating  morphine  ia  various  ways,  and  for  oompar- 
ii^  its  physiological  action  with  that  of  the  bodies  so  fonued,  that 
we  should  summarise  at  eome  length  the  exact  position  of  our 
present  knowledge  regarding  its  chemistry  and  pharmacology. 

Morphine  has  the  composition  represented  by  the  foimnla 
C^^HjgNOj.  It  is  generally  supposed  to  ciyatoUise  with  one  mole- 
cale  of  water,  but  there  is  reason  to  believe  that  the  composition  of 
the  hydroted  base  is  really  8  C„H,gNOg,  9  H,0,  the  water  being 
present  in  the  proportion  of  1^  molecule.  Morphine  is  a  monacid 
base,  forming  neutral  and  readily  soluble  salts  with  all  the  stronger 
acids.  Like  all  alkaloids,  it  is  built  up  on  the  ammonia  (NHg) 
type,  and  ia  a  tertiary  amine,  all  the  hydrogen  atoms  having  been 
replaced  by  more  or  less  complex  radicals.  This  is  shown  to 
be  the  case  by  the  fact  that  when  treated  with  methyl  iodide,  the 
latter  body  becomes  directly  united  to  the  morphine  molecule,  com- 
bining with  the  nitrogen  and  eo  forming  a  quaternary  ammonium 
base,  analogous  to  tetramethyl-ammonium  iodide.  Such  alksloidal 
derivatives  ate  therefore  to  be  regarded  sa  addition  compounds,  as  - 
indicated  in  the  formula  Cj^^N^O^  CHgL  To  How  belongs  the 
credit  of  having  been  the  first  to  form  these  compounds,  by  acting 
on  morphine,  codeine,  etiychnine,  and  other  alkaloids  with  alkyl- 
iodides.  He  fell  into  the  error,  however,  of  regarding  them  as  sub- 
stitution compounds,  in  which  hydrogen  had  been  replaced  by  the 
different  alcohol  radicals. 

Although  the  constitution  of  morphine  is  not  exactly  known, 
much  information  has  been  accamolated  regarding  it,  and  our 
knowledge  pt  certain  of  the  groups  contained  in  the  molecule  is 
conuderable,  and  of  practical  importance.  The  first  distinct  advance 
in  such  knowledge  was  made  by  Beckett  and  Wright,  who  found 
that  by  treating  morphine  with  acetic  acid  and  acetic  anhydride, 
first  one  and  than  another  hydrt^en  atom  ware  replaced  by  the 
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acid  radical,  euch  derivatives  being  sabttitidion  componode.  The 
eubstitution  could  not  by  any  means  be  carried  further.  That  is  to 
say,  monoacetyl-  and  diacetyl-morphiue  were  formed,  but  not  the 
triacetyl  oi  any  higher  derivative.  Butyric  and  benzoic  anhydrides 
weie  tried  with  precisely  similac  leeulta.     Whence  it  ie  mamfest 

-  that  the  morphine  molecule  contains  two  hydroxy!  groups,  a  fact 
which  haa  been  confirmed  by  the  experiments  of  Hesse  and  of 
Oerichten.  On  inferring  to  the  original  paper  of  Beckett  and 
Wright,  it  will  be  obeerred  that  these  chemists  adopt  the  doable 
formula  CgtHggNjOg  for  the  molecule  of  morphine,  so  that  they  use 
the  terms  diacetyl-  and  tetrocetyl-morphine  for  what  we  have  called 
monoacetyl-  and  diacetyl-morphine.  In  a  former  communicatiOB 
to  this  Society  we  have  fnlly  discussed  the  objections  to  the  higher 
formula.    It  seems  to  be  clearly  eslablished  that  the  third  atom  of 

'  oxygen  ia  either  connecting  or  ketone  oxygen,  i.e.  oxygen  which  acts 
as  the  connecting  hnk  between  two  atoms  of  carbon,  or  otherwise 
has  its  combinii^  powers  saturated  by  union  with  one  atom  of 
carbon.  The  next  important  point  to  be  noticed  is  that  those  two 
hydroxyl  groups  in  the  morphine  molecule  have  different  values — 
fulfil  different  funutions.  It  had  long  been  known  that  morphine 
is  readily  soluble  in  solutions  of  the  caustic  alkalies  and  in  lime 
water,  but  it  was  reserved  for  Chastaing  to  show  that  this  ready 

'  solubility  is  due  to  the  formation  of  definite  compounds  with  the 
alkalies.  These  bodies  have  the  general  composition  M,  C„'S^^Q^ 
H3O  or  MOHjCiyHylJOj,  where  M  lepresents  a  monstomic  metal 
such  OS  sodium.  That  is  to  say,  that  while  the  morphine  molecule 
contains  two  hydroxyl  groups,  only  one  of  these  is  capable  of  having 
its  hydrogen  replaced  by  a  metaL  In  this  respect  and  in  soms 
others,  such  sa  its  coloration  with  ferric  salte,  morphine  resembles 
a  phenoL  Indeed  the  readiness  with  which  morphine  reacts  with 
potash,  evolving  heat  and  forming  a  crystalline  compound,  is  very 
s^^estive  of  phenol  (carbolic  acid).  In  the  same  way  that  phenol 
{CflHjOH)  forms  ethers,  as  methyl-phenylether  {CgHjO.CHj)  so  mor- 
phine (GiTH^gNOjOH)  gives  us  ethers,  the  morpbine-methjl  ether 
being  codeine  (CuHigNOj-OCHg)  which  is  found  along  with  mor- 
phine in  opium.  By  a  study  of  the  products  of  decomposition  of 
codeine  under  different  conditions,  additional  light  is  thrown  on  the 
constitution  of  morphine.    Anderson  first  showed  that  codeine  is 
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morphine  in  which  oae  hjdiogen  atom  has  been  replaced  by  methyl, 
and  Qrimaoz  in  1S81  sacceeded  in  forming  codeine  from  morphine,  '^ 
Beckett  and  Wright,  hy  acting  on  codeine  with  acetic  anhydride, 
found  that  they  could  only  introduce  one  acetyl  group,  the  other 
hf  droxyl  hydrogen  (of  the  morphine  molecule)  having  been  already 
replaced  by  methyl.     Tor  the  aame  reason,  Gerichton  foond  that  '' 
by  Bubmitting  codeine  to  the  action  of  phosphorua  pentachloride, 
he  was  able  only  to  replace  one  hydroxyl  by  chlorine,  the  compound 
obtained  having  the    formula   C^gHjoClXO,  (chlorocodide).     By 
continued  action  of  the  pentachloride,  the  compound  CigHi^Cl^Oj 
was  obtained,  whence  it  ia  avident  that  the  third  atom  of  oxygen  in  "^ 
the  morphine  molecnle  does  not  exist  as  bydroxyl.  , 

By  oxidation  of  morphine  Chaetaing  obtained  picric  acid,  proving 
that  morphine  contains  the  benzene  chain.  Wright  and  Mayer  '■' 
obtained  pyridine  on  distillii^  morphine  with  potash.  By  distilla- 
tion with  cine  duat  Gerichton  and  Schrdtter  obtained  pyridine, 
phenanthrene,  pyrrol,  trimethyl-amine,  and  other  compounds. 
Althoagh  np  to  the  present  time  the  constitution  of  morphine  has 
not  been  certainly  determined,  there  is  reason  to  believe  that  it  is 
essentially  a  phenanthrene  derivative,  containing  alkyl  and  hydroxyl 
gronpe.  Phenanthrene  consists,  as  it  were,  of  three  benzene  rings 
welded  farther,  and  is  represmted  graphically  as  follows : — 
HC=CH  '■  HC=CH 

/    \      /    \        , 

HC  C C  CH 


HC=CH 
The  nitrogen  probably  replaces  one  of  the  CH  groups  as  in  pyri-  ■ 
dine,  and  it  would  appear  from  the  nnmber  of  hydrogen  atoms  in 
the  morphine  molecde  that  the  latter  must  be  a  hydro  derivative,  as  - 
piperidine  is  of  pyridine.     We  are  avare  that  it  has  been  recently 
suggested  that  there  are  a  methyl  and  an  ethyl  radical  directly  com- 
bined with  the  nitrogen,  in  which  case  the  nitrogen  conld  not  be 
combined  as  it  is  in  pyridine  and  chinoline.    In  view  of  the  fact  - 
that  pyridine  has  been  obtained  from  morphine,  and  from  the 
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analogy  that  eeveral  of  the  other  alkaloids  aie  known  to  be  pyri- 
dine OT  chinoline  derivatives,  one  is  inclined  to  regard  morphine  as 
of  the  same  dasa  until  conclndve  proof  U  advanced  to  the  contrary. 

Phyaiological  Action  of  Morphine. 
There  ia  now  complete  agreement  among  aathon  i^;arding  the 
general  eymptoma  observed  after  the  administration  of  morphine, 
although  many  pointa  of  practical,  as  well  as  theoretical,  interest  atill 
require  elocidation.  All  recent  observers  state  that  the  central 
nervons  system  is  the  part  primarily  affected,  and  have  described 
the  symptoms  as  divisible  into  two  stages— a  narcotic  and  a 
tetanic 

Froga. — After  2-S  centigrams  of  a  soluble  salt  of  morphine  have 
been  given  aubcntaneously  to  a  frog,  the  animal  becomes  in  a  few 
minntea  dull  and  heavy,  and  shows  a  distinct  inclination  to  remain 
quietly  in  one  position.  When  pinched  or  otherwise  irritated,  it  at 
first  jumps  quite  well,  but  very  shortly  loses  its  power  of  accurate 
muscular  coordination.  It  then  ceases  to  move  away  even  when 
pinched,  and  if  placed  on  its  back  remains  in  that  position. 
The  corneal  reflex  becomes  abolished,  while  the  spinal  reflexes  are 
diminished,  but  seldom  wholly  disappear.  All  tbeae  symptoms 
indicate  depression  of  the  brain  and  spinal  cotd,  and  Witkowski  has 

'^  pointed  out  that  the  cerebral  lobes  succumb  first,  the  other  parts 
of  the  oentntl  nervous  system  becoming  involved  in  order  from 
before  backwards. 

The  fiog  remiuns  in  this  heljdess  narcotised  condition  for  a 
varying  time  until  the  second  st^  supervenes,  the  spinal  reflexes 
gradually  becoming  more  and  more  exaggerated  until  tetanic  spasms 
occur  spontaneously  and  on  stimulation.  After  a  longer  or  shorter 
period  exhaustion  ensues,  the  frog  then  responding  to  stimulation 
by  a  mere  twitch.     It  may  finally  die  or  gradually  recover. 

During  both  stages  the  brain  is  deeply  narcotised,  as  irritation  of 

,  the  cornea  during  the  tetanic  condition  brings  on  a  general  spasm 
but  no  closure  of  the  eyelid.  The  spasms  ara  spinal,  as  section  of 
the  oord  at  the  otlanto-occipital  membrane  does  not  stop  them ;  the 
succeeding  exhaostion  also  arises  from  the  spinal  cord,  as  the  motor 
nervee  and  musclee  are  found  to  be  only  slightly  diminished  in 
-electric  irritability.     A  very  distinct  peculiarity  of  tiie  morphine 
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tetanus  is  that  after  each  spasm  a  period  of  exhaostioa  ensaea,  and 
there  ia  no  furthet  tetanns — eitheT  spontaneous  or  reflex — nntU  a 
short  interral  has  elapsed.  Ifot  only,  therefore,  is  the  spinal  cord  " 
abnormally  easily  excited,  but  it  is  abnormally  eadly  exhausted. 
A  healthy  frog  will  react  to  stimulation  time  after  time  in  on  equal  l. 
d^ree  and  gentiy,  while  the  moiphinised  frog  gives  out  all  its 
eneigy  for  the  time  being  in  one  prolonged  and  exaggerated  spasm. 
Accoiding  to  Witkowski,  the  apparent  stimulation  ie  in  reality 
a  kind  of  paralysis,  and  is  simply  a  failure  on  the  part  of  the  spinal 
cord  to  husband  and  properly  distribute  its  resources,  this  dis- 
anangement  resulting  in  an  unmanageable  and  violent  explosion  of 
nerve  energy.  Hence  it  requires  a  rest  until  more  is  stored  op. 
We  have  observed,  however,  that  the  smaller  the  dose  by  which*' 
tetanus  is  induced,  the  less  marked  is  the  tendency  to  exhaustion, 
and  if  the  animal  snrvive  a  few  days  this  tendency  to  exhaustion 
after  each  spasm  wears  off,  and  the  tetanic  attacks  cannot  be  dis- 
tingnished  from  those  of  strychnine. 

Smaller   doses   cause  only  narcosis  and  depression,   followed,  ' 
generally  on  next  day  or  earlier,  by  a  marked  increase  in  the  reflex 
excitability,  not  amounting  to  tetanus.     Yety  small  doses  simply  - 
cause  slight  narcosis. 

That  small  doses  of  morphine  depress  the  reflex  and  conducting 
powers  of  the  spinal  cord  can  be  shown  without  much  difficulty. 
Ifeihoizen,  nsing  decapitated  frogs  (Tiirck's  method),  found  that 
there  was  depression,  followed  by  increase  of  reflex^.  This  has 
been  confirmed  by  Witkowski  and  by  ourselves  in  many  experi- 
ments. To  confirm  these  results  obtained  by  Ttirck's  method,  we 
administeied  morphine  to  decapitated  frogs,  and  found  that,  although 
in  many  cases  the  spinal  reflexes  were  very  slightly  depressed,  yet 
in  others  the  depression  was  extremely  marked,  and  was  succeeded 
in  doe  time  by  t«tanus.  As  in  these  cases  the  brain  was  removed,  ' 
the  primary  depression  and  subsequent  tetanus  must  have  been  quite 
independent  of  it,  and  due  solely  to  an  action  on  the  cord.  Moreover, 
gmall  doses  of  morphine  directly  injected  into  the  aorta  of  decapi- 
tated frogs  (so  as  to  make  the  results  independent  of  irregularities 
in  absorption  from  the  stomach  or  subcutaneous  tissue)  gave  similar 
results.  Thus— 
N  £^t.  1. — Frog  pithed ;  right  aorta  tied. 
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11.21. — O'Ol  gnn.  morphine  hydrochloTate  in  1  cub.  cent  water 
into  left  aorta. 

There  gradually  ensued  indifierence  to  mechanical  atimnlL  At 
first  a  slight  pinoh  with  forceps  wae  felt,  later  it  was  not  felt, 
and  had  gradually  to  be  increased  in  severity  to  elicit  a  leactlon. 

11.38. — Requires  a  very  seveie  pinch  to  elicit  a  reaction. 

11.B0. — Beflexes  sli^tly  exaggerated, 

12.0. — Be&ezee  much  more  exaggerated.  On  stimulation  gives 
a  tetanic  kick  out. 

12.20. — Still  slight  tetanus  on  stimulation,  but  is  rapidly  be- 
coming exhausted. 

12.30. — la  now  much  exhausted;  only  gives  a  slight  spasmodic 
twitch  on  stimulation. 

In  such  experiments  the  cutting  off  of  the  blood  supply  to  the 
cord  causes  much  more  rapid  exhaustion  than  would  otherwise 
ensue.    Similar  results  were  got  with  doses  of  5  milligrammefl. 

In  the  descriptions  of  the  morphine  action  hitherto  published  it 
has  always  been  assumed  that  the  occurrence  and  sequence  of  the 
two  stages  of  narcotism  and  tetanus  are  a  necessary  result  of  the 
action  of  the  drug  on  the  nerve  cells,  the  explanation  gir^i  being 
that  morphine  "  first  depresses "  and  "  then  stimnlates"  the  spinal 
^  cord.  Witkowski  advances  the  opinion  that  both  stages  are  really 
the  tesnlt  of  paralysis.  We  have  fonnd,  however,  that  the 
sequence  of  depression  and  tetanus  is  entirely  a  question  of  dosage, 
and  of  how  mnch  morphine  reaches  Qie  spinal  cord.  As  we  have 
seen,  an  ordinary  dose  of  the  alkaloid  first  depresses  the  cord,  and 
this  is  followed  by  tetanus.  When  a  mimmitm  nareotie  dose  is 
given  the  narcosis  is  not  deep,  hut  no  tetanic  slage  ensues  on  the 
narcotic,  and  hence  it  is  evidently  necessary  to  give  a  dose  of  a 
certain  size  if  we  wish  to  get  both  stages.  When  such  a  dose  is 
given,  what  happens  is  that  the  morphine  is  but  slowly  absorbed 
from  the  stomach  oi  subcutaneous  tissue,  only  a  small  portion  reaches 
the  spinal  cord  at  first,  and  hence  the  depression;  bnt  as  more 
morphine  becomes  absorbed,  more  of  it  comes  in  contact  with 
nerve  cells  of  the  cord,  and  as  a  result  we  get  tetanus. 

Tetenue,  we  have  fonnd,  can  be  induced  at  once  without  any 
preliminary  depression  if  the  morphine  be  thrown  into  the  circula- 
tion so  as  to  immediately  teach  the  cord  in  sufficient  quantity. 
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Hence  it  ia  by  no  meane  a  necesearjr  conseqaence  of  the  action  of 
morphine  that  depression  succeeded  b;  tetanus  sbonld  occur.  The 
following  experiment  shows  this  decisively. 

Expt.  2.~The  brain  of  a  frog  was  destroyed.  Next  day  it  had 
recovered  from  the  pithing.  A  ligature  was  passed  round  the 
lumbar  region,  excluding  the  lumbar  nerves;  the  right  aorta  was 
tied ;  a  cannula  was  inserted  into  the  left  aorta. 

11.40. — 0039  grms.  morphine  hydrochlorate  in  1  cub.  cent,  water 
was  iDJect«d  into  the  cannula.    At  once  there  wss  rig^d  tetanus. 

11.42. — Another  tetanic  spasm. 

11.44. — Having  frequent  spontaneous  rigid  Bpaams. 

12.30. — The  spasms  have  continued,  but  are  gradually  getting 
feebler. 

12.45. — Quite  exhausted.     No  response  on  stimulation. 

It  is  necessary  to  tie  the  vessels  in  the  lumbar  region  to  ensure 
that  sufficient  of  the  morphine  solution  reaches  the  cord  at  once, 
and  also  (although  this  is  not  of  such  importance)  to  protect  the 
motor  nerves  from  the  depressing  influence  of  the  morphine.  H 
this  precaution  be  neglected  the  experiments  never  succeed  eo  well, 
as  the  gTeat«r  part  of  the  morphine,  instead  of  going  to  the  spinal 
cord,  gets  distributed  over  the  whole  body.  Tetanns  generally 
appears  in  such  cases,  but  rather  late,  although  never  nearly  so  late 
as  when  the  morphine  is  given  eubcutaueously. 

In  the  present  state  of  our  knowlet^e  it  is  useless  even  to 
speculate  as  to  what  changes  morphine  brings  about  in  the  nerve 
substance  of  the  cord.  Small  amounts  of  the  alkaloid  coming  in 
contact  with  the  grey  nerve  cells  interfere  with  their  vitality 
and  chemical  chaises  only  in  so  far  as  to  inhibit  or  depress  their 
proper  activity,  whereas  larger  amounts  canse  much  more  profound 
changes,  apparentiy  leading  to  irregular  and  violent  chemical  action, 
which  leads  to  similar  irregular  and  violent  discharges  of  nerve 
energy,  followed  by  extreme  exhaustion.  During  the  first  condition 
the  cells  are  more  or  leas  incapable  of  conducting  impulses  oi  acting 
reflexly,  whereas  in  the  second  they  are  completely  changed  in  these 
respects,  and  respond  vigorously  to  the  slightest  impression.  It  is 
impossible  to  characterise  the  changes  more  definitely. 

The  delay  in  the  tetanus  when  morphine  is  given  eubcutaneously 
or  by  the  stomach  can  be  accounted  for,  however,  in  two  ways. 
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We  have  seen  that  a  ceitain  amoiuit  of  morphine  ia  necessary  to 
canae  the  tetanne,  and  therefore  (I)  we  may  suppose  that  the 
nerve  cells  have  a  special  affinity  for  the  morphine,  that  they 
abstract  it  from  the  blood  and  store  it  up,  and  that  it  is  only  when 
they  have  absorbed  and  retained  sufficient  to  bring  about  the 
requisite  changes  that  tetanus  comes  on ;  or  (2)  we  may  suppose 
that  the  morphine  is  not  stored  up  in  the  nerve  cells,  but  that, 
pasaing  frequently  through  them  dissolved  in  the  blood,  it  gradually 
brings  about  changes  which  result  in  tetanus. 

With  regard  to  the  action  of  morphine  on  motor  nerves  great 
difierences  of  opinion  have  beeu  expressed  by  different  experi- 
menters. The  older  observers,  finding  that  the  motor  nerves  were 
considerably  depressed  in  electric  irritability  at  the  end  of  the 
poisoning,  concluded  that  the  alkaloid  had  a  directly  depressing 
effect  on  them.  Witkowski,  however,  ia  of  opinion  that  this  ia  due 
to  exhaustion  after  the  prolonged  tetanus,  for  on  dividing  one 
sciatic  nerve,  and  then  administering  a  la^e  dose  of  morphine,  he 
found  that  the  divided  nerve  had  remained  perfectly  excit> 
able,  while  the  undivided  nerve  .was  more  or  lees  depressed. 
Vulpian  also  found  that  in  rabbits  the  motor  nerves  remuu 
unaffected. 

We  have  repeated  Witkowski's  experiment  freqnently,  with  a 
result  similar  to  his,  bst  we  are  of  opinion  that  his  conclusion  is 
erroneous.  The  result  must  be  due  to  the  morphine  not  reaching 
the  terminations  of  the  motor  nerves  in  sufficient  quantity  to 
paialyse  them  markedly,  for  we  found  when  we  injected  a  solution 
into  the  aorta,  so  as  to  make  sure  of  it  reaching  the  terminationB  of 
the  motor  nerves,  that  these  were  paralysed.  The  amount  required 
is,  however,  large,  and  the  end-organs  of  motor  nerves  are  certainly 
not  very  senutive  to  the  action  of  morphine.  The  following  is  one 
of  the  experiments. 

Expt.  3. — Frog  pithed.  Sciatic  nerves  excitable  well  at  200  mm, 
Du  Bois  Eeymond  Coil. 

12.35.^j'06  grm.  morphine  bydrochlotate  in  If  cub.  cent  wator 
injected  into  abdominal  aorta  just  above  hiforcation. 

At  once  there  was  marked  diminution  in  the  excitability  of 
sciatic  nerves. 

12.45. — Sciatic  nerves  excitable  only  to  strongest  oumnts.    The 
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muscles  are  also  diminished  somewhat  in  irritability,  but  not  to 
any  thing  like  the  same  extent  as  the  nerves. 

l.S. — Sciatics  not  excitable  at  0.  Muscles  contract  fairly  well 
to  moderate  current 

In  another  iiog,  when  g^0426)gnn.  in  IJ  cub.  cent  water  was 
injected  into  the  abdominal  aorta,  the  sciatics  were  inexcitable  to 
strongest  conent  in  1 1  minutes,  while  the  muscles  of  the  le^  were 
atill  quite  excitehle  to  direct  stimulation.  Small  doses,  such  si^O-Ol 
grm.,  given  in  same  way  had  a  scarcely  appreciable  effect  on  the 
motor  nerves. 

In  another  frog  the  following  experiment  was  performed  as  con- 
firroation. 

£zpf.  i. — Frog  pithed ;  left  femoral  artery  tied ;  sciatic  nerves 
excitable  at  230  mm. 

2.28. — OOS  grm,  morphine  hydrochlorate  subcntaneously  in 
solDtion. 

3.40. — Both  nerves  exciteble  at  320  mm. 

The  frog  passed  through  the  narcotic  and  tetanic  stages.  Hezt 
day  completely  exhausted.  Left  (protected)  sciatic  nerve  stimulated 
at  100  mm.  gives  good  contraction  of  leg  muscles;  right  (unpro- 
tected) sciatic  at  0  mm.  gives  scarcely  perceptible  twiteb  of  musdee. 

In  this  experiment  both  sciatic  nerves  wore  subjected  to  the  ex- 
haustion consequent  on  the  tetanus ;  but  the  right  nerve,  in  addition, 
was  exposed  to  the  action  of  the  morphine  circulating  in  the  blood. 
The  protected  nerve  diminished  very  much  in  excitebility  (in  con- 
sequence of  the  tetanus  pins  the  cutting  off  of  its  blood  supply),  but 
the  unprotected  nerve  wholly  lost  its  excitability,  and  this  difference 
can  only  he  attributed  to  the  action  of  the  morphine  on  the  latter. 

On  repeating  Yulpisn's  experiment  on  rabbits,  we  got  (contrary 
to  his  resulto)  paralysis  of  the  motor  nerves.    Thus — 

Expt.  6. — ^Babbit  wss  put  under  ether.  At  12.5  the  right 
femoral  artery  was  tied  and  the  right  sciatic  nerve  divided.  A 
cannula  was  inserted  into  the  left  femoral  artery,  and  the  left  sciatic 
nerve  divided.    Both  nerves  excitable  at  90  nun. 

12.10. — 0'2  grm.  morphine  hydrochlorate  was  injected  into  the 
left  femoral  artery. 

12.20. — R.  sciatic  nerve  quite  excitable  at  90  mm.  L.  sciatic  at 
70  mm,  givea  very  feeble  twitch  of  muscles. 
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12.30. — K.  eciatic  nerve  givee  feeble  twitch  of  mnscleB  at  90  mTn., 
fail  contiactiDti  at  70  mm.  L.  eciatio  nerve  givea  no  iceponee  at  O. 
Mnecles  are  equally  excitable  on  both  Bidee  to  direct  rtimnlation. 

In  anotbei  experiment  of  the  same  kind  O'l  grm.  abolisbed  the 
axoitabilitf  of  the  sciatic  nerve  in  eighteen  minutes.  It  is  evident 
therefore  that  very  large  doses  of  morphine  do  paralyse  the  tennina- 
tiona  of  motor  nervee,  but  that  ordinarily  death  ensues  before  the 
depression  is  very  marked.  With  small  therapeutic  doses  it  is  hardly 
possible  that  even  a  trace  of  this  action  is  present. 

On  sensory  nerves  and  their  terminations  morphine,  even  in  large 
doses,  has  probably  a  scarcely  appreciable  eSect  The  condition  of 
affairs  is  no  doubt  much  the  same  as  with  motor  nerves, — that  is,  if 
higa  doses  could  be  applied  directly  to  the  nerve  terminations,  the  mor- 
phine would  act  as  a  paraly  sant  to  the  nerve  tissae,  but  by  the  ordinary 
methods  of  administration  ite  effect  is  pnctically  nil.  It  is  evident 
daring  the  tetanic  stage  that  the  sensory  nerves  are  perfectly  acute,  as 
the  slightest  stimulation  of  the  skin  brings  on  a  spasm.  The  common 
method  of  applying  opium  fomentations  as  an  anodyne  has  probably 
no  action  except  what  results  from  heat  and  moisture,  as  the  alka- 
loids cannot  penetrate  the  skin,  and  even  if  tfaey  did  do  so,  would  not 
be  in  sufficient  amount  to  paralyse  the  sensory  nerve  tornunations. 

Mammalia. — The  higher  animals  are  affected  by  morphine  in  the 
same  way  as  frogs,  but  there  are  certain  differences  in  the  symptoms, 
depending  not  on  a  different  action  of  the  poison,  but  on  differences 
in  the  nervous  system,  and  on  the  closer  interdependence  of  its 
various  parts  in  the  higher  animals.  Frogs  live  long  after  the 
respiratory  centre  is  paralysed,  whereas  mammals  die  at  once,  so 
soon  as  this  centre  is  thrown  out  of  action,  hence  the  longer  con- 
tinuance of  the  symptoms  and  the  marked  development  of  the 
tetanic  stage  in  the  former.  The  greater  importance  of  the  spinal 
cord  relatively  to  the  brain  in  batrachians  has  no  doubt  also  an 
effect  in  modifying  the  8ymptom&  Rabbits,  cats,  and  dogs  pass 
through  a  narcotio  and  a  tetanic  stage  if  the  dose  be  large  enough. 
With  small  doses  only  the  first  stage  is  seen.  (For  doses  and 
particulars,  see  Tables  of  Experiments.) 

The  condition  of  affairs  is  the  same  as  with  frogs.  Small  doses 
depress  the  brain  and  spinal  cord,  while  larger  ones  throw  the  cord 
into  a  condition  of  hyper-excitability.     Whether  large  doses  affect 
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tbe  Krebnim  in  the  eame  way  remains  donbtfnl,  as  death  occurs 
eariy  in  mich  cases  from  paialjsia  of  tbe  reapiiatory  cenb«.  The  only 
method  of  determining  this  point  would  be  to  apply  morphine  directly 
to  the  brain.  We  vere  unable  to  carry  out  ench  experiments,  bat  the 
nsnlts  of  certain  obserrationa  by  Degniae,  Bnpuy,  and  Leuret  seem 
to  diow  that  large  doses  of  morphine  applied  to  the  brain  directly  do 
piodaca  conTnlsiona  In  Part  IL  of  their  paper,  Experiments  II, 
12,  13,  16  and  others  (dogs  and  rabbits),  the  iigection  of  morphine 
solntiona  into  the  lateral  ventricle,  or  their  application  to  the  cortex, 
produced  well-marked  convulsions  of  an  epileptiform  character. 

For  pnrpoees  of  comparison  it  is  neceasary  to  refer  briefly  to  the 
action  of  morphine  on  some  of  the  other  systems.  In  dogs  and  cata, 
naosea,  vomiting,  and  slight  diarrhoea  are  always  very  prominent 
symptoms,  anlsss  the  dose  be  very  small.  In  man,  as  is  well  known, 
small  doses  canse  constipation,  but  nausea  and  vomiting,  with  some- 
times slight  looseness  of  the  bowels,  are  not  infrequently  observed. 
The  exact  reason  of  this  is  still  to  be  explained,  bot  Alt  has 
recently  shown  that  morphine  given  hypodermically  is  very  rapidly 
secreted  into  the  stomach,  and  no  doubt  the  consequent  irritation 
is  sufficient  to  account  for  the  intestinal  symptome: 

The  heart  and  blood-veasela  are  affected  very  slightly,  and  only 
secondarily  to  the  nervous  system.  Owing  to  dulling  of  the  vaso- 
motor centre  there  Is  slight  loss  of  tone  in  the  arteries,  accompanied 
by  a  correspondingly  slight  &I1  of  blood  pressure.  The  pupil  is 
extracted  during  the  narcotic  stage,  but  as  soon  as  tetanic  symptoms 
develop,  it  begins  to  dilate,  and  often  is  fully  dilated  during  the 
greater  part  of  the  poisoning.  The  respiratory  centre  is  very  much 
depressed,  and  respiration  greatly  slowed,  even  with  small  doses. 

As  the  object  of  our  research  was  to  compare  the  action  of  mor- 
phine with  the  actions  of  a  number  of  bodies  closely  related  to  it 
chemically,  we  thought  that  tbe  best  plan  to  obtain  an  accurate  idea 
of  their  relative  toxicity  and  effects  would  be  to  ascertain  the  mini- 
mum dose  which  produced  visible  symptoms,  and  by  gradually 
increasing  it  until  tbe  minimum  lebbal  dose  was  reached,  we  had  a 
complete  picture  of  the  general  action  of  the  substanca  Owing  te  the 
large  number  of  alkaloids  investigated  by  us,  it  was  necessary  to 
confine  our  experiments  almost  entirely  to  fn^  and  rabbits,  the 
information  thus  obtained  being  sufficient  for  purposes  of  com- 
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parison.  In  «  few  inatanceB,  where  an  emetic  actioQ  was  BOBpectod, 
the  Bubebincefl  were  ftdminiatered  to  dogs  also.  In  oar  expeiimenta 
we  used  moiphine  hydrate  disBolved  in  acetic  acid  and  water,  or 
morphine  hydrocblorate,  obtained  from  J.  F.  Macfarlan  k  Co., 
Edinburgh. 

Toxicity  of  Morphine. 

There  are  wide  discrepancies  in  the  statements  regarding  the 
minimum  lethal  dose  of  morphine  in  frogs,  for,  while  Frohlich  fixes 
it  at  001  grm.,  Witkowski  statee  that  he  has  seen  frogs  recover 
after  0*05  gem.  hydrachlorate.  We  found  that  it  varied  a  good 
deal  according  to  the  oosdition  of  the  frog  and  the  season  of  the  year, 
hat  that  the  ordinary  lethal  dose  for  a  medium-sized  frog  is  from 
3-6  centigrms.  {R.  temporaries.  The  A»g,  after  passing  through  the 
narcotic  stage,  remoine  tetanised  or  completely  exhausted  for  several 
days,  and  ultimately  diee  of  exhaustion.  One  to  two  centigrms.  cause 
a  marked  narcotic  stt^  followed  next  day  by  an  increase  of  reflexes, 
not  amounting  to  tetanus.  Five  milligrme.  caused  very  slight  nar- 
cosis, which  was  not  followed  by  any  visible  increase  of  reflexes. 

In  rabbits  also  we  conld  get  no  infonnation  i^arding  the  mini- 
mum physiological  dose,  while  the  minimum  lethal  dose  as  given 
by  different   investigatora  (see  Table)  varied  so  much,  that  to 

Tabte  showing  the  Minimum  Lethal  Doee  ofMorjAine  in  RabbiU, 
as  Jlxed  by  previous  Experimeateri. 


N»«. 

1 

Skit  or  Mar- 

|l 

11 

1 
1 

Kcmcikl 

i 

1 

Brlttita  Hedketl  4.- 

ATT 

D«Ui  witti  Mnn  «m 

ino 

D-W 

0'«« 

0-»M 

to  1  to  »  boon. 

FrahUch    .      .      . 

H7droc!iloc»W 

0-a 

0-MI 

UIJ 

uaiii 

0-M 

1MM 

lUl 

1-8 

o-w- 

miniUca  to  S  taoon  IT 

ItlO 

m 

0«1 

mlniito. 

*  (tooled  br  FifiUkh. 


...Google 


1S89-B0.]      Mr  Dott  and  Dr  Stockman  on  Morphine. 

detennine  both   points  we   had   to  institute  special  expc 
Ths  resulta  of  these  are  given  in  the  following  Tablee, 

Three  decignns.  of  moiphiae  hydrate  given  subcutaneously  vas 
nanally  a  fatal  dose  for  medinm-eized  rabbits.  This  is  equal  to 
abont  0-37  gnn.  of  morphine  hydrochlorate,  aulphato,  or  tartrate, 
to  0'4  gnn.  acetate,  and  0'43gnn.  meconate.  Certain  rabbits  were  , 
killed  with  less,  and  others  required  more.  The  minimum  lethal  j 
dose  of  any  substance  can  hardly  be  fixed  with  complete  accnracy,  ' 
as  the  rate  of  absorption  and  excretion,  the  condition  of  health  of 
the  animal,  along  with  other  less  evident  factors,  all  influence  the  I 
result  and  make  it  variable.  In  addition  to  onr  own  results, 
Lenbartz  has  found  the  minimnm  lethal  dose  of  morphine  per 
kilo,  in  dogs  to  vary  from  0'27  to  0'69  grm.,  while  recover;  took 
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place  aftet  0*13  to  0*46  gnn.  per  kilo.  Distinct  naicosiB  occmred- 
in  medium-sized  rabbits  after  6  miUlgrnis.,  smaller  amounts  ihan 
this  having  a  scarcely  perceptible  effect.  The  amalleat  dosa  with 
which  an  increase  of  rofiezee  was  obtained  was  0'15  gem.  (see 
Tables). 

TaiAe  showing  the  Effects  of  Small  and  Medium  Dotes  of 
Morphine  Hydrate  on  Babbits. 
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chauge  m  demeanonr. 

Slight  narcMiB  observed  IB  minntea  irter  ad- 
sod  blood-TsaaeU  dilated. 

IJBht  narcosU  in  14  minute*,  aad  lasted  4 
honre.  RespiratioQ  fell  from  80  to  4  par  10 
aaMods.     Pupil  became  Bomewhat  amaller. 

30  to  6  and  1  per  10  aecoDda.  Fopil  some- 
what smaller. 

NaroDda  marked  in  4  minntes,  ud  lasted  all 
day.  It  was  deep,  and  ammal  could  hardly 
be  rouBed.  Pupils  were  extremely  smaU  all 
tbe  time.  BesptratioD  feU  from  22  to  4  per 
10  seconds. 

Deep  narcoBia  set  in  after  S  minntea  and  lasted 
all  day.    Pupila  eitremely  small  all  the  tim«. 

When  seyareW  pinched  only  made  a  slight 
movement.     Tbere  was  no  increase  reBoxee. 
Deep  narcosis  1  hour  18  minntea  after  admini- 
stration.    There  was  sligbt  increase  in  re- 
flexes, which  passed  off  very  Boon,  the  narcoais 

much  conttacted,  but  17  minutes  after  »d- 
ministration   became  rather  larger  and   re- 
mained so.     It  never  dilated  mor«  than  to  a 
small  medium  size. 
There  was  rapidly  deep  narcosis.     38  mtnates 
after  administration  pnpil  had  dilated  to  lam 
medium  size  and  remained  sa     In  2  hour* 
28  minutes  there  was  slight  increase  reflexes 
and  animal  was  reatlpss  and  gnaBhing  jta 
teeth.     Respiration  fell  from  IG  to  6  per  10 
Beconds.    Effects  lasted  all  day. 
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Phytklogical  Action  of  Codeine, 
(Methylmorphine  C„H„N0.OH.OCHa). 

The  action  of  codeine  obtained  directly  from  opimn  has  been 
inTeatigated  by  many  oxpeiimenten  (eee  Bibliography).  We 
found  that  aitjficial  codeine  prepared  from  morphine  has  identically 
the  same  action  as  the  natural  product,  and  hence  a  comparatively 
small  nnmber  of  ezperimeuta  was  anfficient  for  our  purpoee. 

Its  action  la  exerted  on  the  central  nervous  system,  and  has 
a  dose  generic  resemblance  to  that  of  morphine.  Schiceder  and 
others  have  pointed  out  that  it  causes  an  evident  narcotic  stage, 
followed  by  a  condition  of  increased  reflex  excitability  which 
amonnts  to  tetanns  if  the  dose  be  large  enough.  The  narcotic 
■tage  is,  however,  shorter  and  mnch  less  deep  than  with  morphine, 
and  if  large  doses  be  given  to  animals  is  often  hardly  noticeable 
or  quite  absent. 

The  narcotic  action  of  codrine  on  man  is  much  feebler  than  that 
of  morphine,  and  only  in  one  case  (a  child)  has  its  tetanising  efi'ect 
been  observed. 

Its  paralysing  influence  on  motor  nervee  in  frogs  has  been  1 1 
pointed  out  by  several  observers,  and  is  very  mnch  greater  thanj 
that  of  morphine.  In  frogs  the  heart  is  slowed ;  in.  Mammalia  blood 
presaore  is  not  afi'ected,  and  the  pulse-rate  only  very  slightly. 
This  is  probably  due  to  depression  of  the  cardiac  motor  ganglia 
(Schroeder),  In  dogs  and  cats  it  produces  marked  vomiting  and 
diarrhcea,  much  more  eo  than  morphine. 

Frogs. — Out  own  experiments  on  frogs  confirmed  SchHsder'e  to 
a  large  extent  We  found  that  very  small  doses,  such  as  0*0013 
grm.  had  no  apparent  action  at  the  time,  although  next  day  there 
was  a  very  faint  increase  in  the  reflexes.  Larger  doses  of  5  milli- 
grms.  and  upwards  caused  a  chancteristic  stage  of  depression  with 
diminished  reflexes.  This  is  not  deep,  lasts  but  a  short  time,  and 
is  followed  by  increased  reflex.  When  the  dose  was  0-01  grm.  oi 
more,  the  uarootic  stage  was  followed  by  tetanus. 

Schrceder  states  that  if  as  much  ae  2  or  3  centigrma.  be  given,  the 
narcotic  stage  is  never  developed,  but  that  tetanus  comes  on  almost 
at  once.  This,  however,  depends  entirely  on  the  rate  of  absorption. 
We  found  that  much  larger  dosea  (even  0-06  grm.)  occasionallf  bod 
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marked  narooaia  preceding  the  tetanus,  while  2  centignna.  might 
give  tetanofl  almoHt  at  once.  It  is  clearly  a  question  of  rapidity  of 
absorption. 

With  the  smaller  dosea  the  tetanofi  ia  exactly  like  that  of  sttych- 
nine ;  bat  with  larger  amounts  thera  is  great  tendency  to  exhaus- 
tion, j  oat  as  with  morphine,  so  that  soon  no  tetanic  spasm  can  bo 
induced,  the  frog  reeponding  to  stimalation  by  a  mere  twitch. 
This  condition  depends  partly  on  depression  of  the  coid  and  partly 
on  depression  of  motor  nerves.  When  the  codeine  is  injected 
directly  into  the  aorta  tetanus  occurs  at  once.     Thus, 

Expt.  6. — Frog  pithed ;  body  ligatured,  with  exception  of  lumbar 
nerves. 

12.22. — 0-005  grm.  codeine  in  J  cub.  cent,  water  and  acetic 
acid  (q.s.)  per  aortam. 

12.23.— Violent  tetanus. 

1 2.28.-^TBtaniiB  is  becoming  less  violent,  but  is  still  maiked. 

12.45. — Is  now  a  good  deal  exhausted,  but  still  gives  a  violent 
jerk  on  stimulation. 

1.0. — ^o  response  on  stimulation.  The  cord  is  quite  exhausted. 
The  brachial  nerves  (unprotected)  are  quite  excitable  at  180  mm., 
the  sciatic  nerves  (protected)  also  excitable  at  180  nun. 

Experiments  made  in  the  same  way  with  1,  2,  3,  and  6  centignns. 
gave  eimilar  reeolta,  but  exhanstion  ensned  more  rapidlj',  and, 

I  especially  with  the  larger  doses,  the  motor  nerves  were  completely 
paralysed,  or  very  much  depressed  in  excitability.  Wlien  small 
doses  such  as  J-2  milligrms.  are  administered  by  the  aorta,  there 
occurs  a  stage  of  depression,  followed  by  an  increase  of  reflexes, 
jast  as  in  the  case  of  morphine. 

With  regard,  therefore,  to  the  action  of  codeine  on  the  cord,  we 
find  (ae  with  morphine)  that  small  doees  depress  its  reflex  and  con- 
ducting power,  while  laiger  ones  cause  tetanus.     If  a  huge  dose  be 
thrown  at  once  into  the  substance  of  the  spinal  cotd  by  injecting 
it  directly  into  the  aorta,  then  no  preliminary  narcotic  stage  occurs, 
but  an  increase  of  leflexee  from  the  very  first. 
I       The  action  of  codeine  on  the  motor  nerves  in  frogs  is  very 
.'  distinct.    When  the  codeine  is  injected  directly  into  the  vessels  it 
;   occurs  very  rapidly,  hat  if  a  huge  dose  (about  C  centigrma.)  be 
given  fiubcntaneoosly,  paralysis  or  veiy  marked  depreseion  occurs 
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011I7  after  some  hours.  Thus  after  6  centigrmg.  it  vas  five  hours 
hefoie  the  sciatica  became  completely  paralysed,  the  heart  still  con- 
tinning  to  beat.  Much  smaller  doses,  however,  cause  very  evident 
depression.  The  exhaustion  of  the  nerve  termmatious,  consequent 
on  the  prolonged  tetanus,  also  contributes  to  the  paislysis,  for  if 
one  sciatic  nerve  be  cut  before  administering  the  codeine,  we  found 
that  it  did  not  become  so  much  paralysed  as  the  other  which  vtM 
left  intact 

A  dose  of  2  centigims.  and  npwards  was  fatal  in  most  casea 

StMHt. — The  action  on  rabbits  is  essentially  similar  to  what  we 
have  seen  in  frogs.  The  narcosis  is  slight,  the  animal  can  easily 
be  aroused,  and  when  the  dose  is  increased,  this,  instead  of  deepen- 
ing the  naicoeis,  causes  a  condition  of  increased  reflex  excitability. 
The  animal  in  consequence  gives  frequent  starts,  or  may  have 
tetanus.  As  a  result  of  the  continual  disturbance,  the  narcosis 
becomes  distinctly  lighter,  although  it  does  not  wholly  disappear. 

The  most  typical  efTects  can  be  got  by  giving  the  alkaloid  in 
divided  doses. 

A  careful  comparison  of  the  results  of  previous  experiment«i8 
shows  that  the  minimum  lethal  dose  varies  from  0*06  to  0*1  grm. 
in  rabbits.  When  such  large  doses  are  given  at  once,  the  narcotic 
stage  is  very  ill  defined  or  entirely  absent,  the  tetanus  supervening 
almost  at  once. 

The  effects  of  small  doses  are  seen  in  the  accompanying  Table. 


Aelioa  of  Small  Dosee  of  Codeine  on  Rabbits. 
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Waa  droway  for  over  two  hours.     Lay  on  belly  ; 
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Ftom  the  forgoing  it  ia  erident,  ae  Schnsdec  and  others  have 
previously  pointed  out,  that  the  action  of  codeine  b  qualitatively 
very  similar  to  that  of  morphine.  Its  tetanisiiig  action  and  its 
action  on  motor  nerves  are  very  much  greater,  while  ito  toxic  effect 
is  at  leaat  about  three  tlmee  larger.  On  the  other  hand,  its  narcotic 
ponet  is  about  four  times  less  than  that  of  morphine  (in  rabbits). 
In  man  the  narcotic  effect  is  probably  even  much  more  diminisbed, 
but  exact  experiments  are  wanting  to  dotermine  the  extent 

Ethyhnorphme  (Codethyline  of  Orimaux  and  Bocbefontaine). 

This  compound  is  tbe  analogue  of  codeine,  being  the  ethyl  ether 
of  morphine,  whereas  codeine  is  the  methyl  ether.  We  prepared 
the  base  by  treatii^  together  morphine,  soda,  and  ethyl  iodide,  in 
molecular  proportions  in  alcoholic  solution.  The  base  vas  further 
separated  and  purified  in  aubstantially  the  same  way  as  described 
under  methocodeine.  The  hydrochloride  was  found  to  be  very 
soluble  in  water,  which  fact  interfered  with  its  pnrification  tcom 
that  menstruum.  From  the  hydrochloride,  which  had  been  re- 
cryetallised  both  from  water  and  from  alcohol,  the  chloroplatinat« 
was  prepared. 

(u)  '433  grm.  (dry  in  water-bath)  gave  on  ignition  '0822  grm. 
Platinum=  18-98  per  cent, 

(6)  '3098  grm.  (dry  at  140°  C.)  gave  i3588  gnu.  Platinum  - 18'97 
per  cent, 

2[C„H,g(CjHj)N0j.HCl].PtCl«  - 18-97  per  cent  Pt 

The  alkaloid  itself  was  prepared  from^he  solution  of  its  muriate 
by  precipitation  with  ammonia,  and  recT^etaHiaatioa  from  alcohol ; 
by  which  process  it  ia  obtained  in  well-defined  prismatic  crystals. 
In  the  air-bath  the  crystals  fused  at,  or  near,  190°  C. 

PkyHologKOl  Action  of  Ethylmorphine. 
The  only  observations  on  the  pharmacology  of  this  substance  are 
contained  in  a  short  paper  by  Bocbefontaine,  who  obtained  it 
from  Grimanx.  He  found  that  in  frogs  doses  of  0-OOT  to  0012 
grm.  caused  violent  tetanic  convulsions  like  those  of  strychnine. 
Babbits  died  after  O'l  I  grm.  subcutaneoosly,  the  symptoms  being 
agtun  violent  tetanus.  He  considers  that  its  action  is  the  counter- 
part of  the  strychnine  action. 
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Onr  experiments,  whOe  confirming  those  of  Bochefontaine  as 
ngards  the  effect  of  large  doees,  have  led  us  to  the  conclusion  that 
elhylmorphine  haa  an  action  identical  with  that  of  codeine 
(methylmorphine),  and  that  if  the  dose  be  properly  chosen  one  can 
easily  distinguish  in  animals  a  narcotic  and  a  tetanic  ett^e,  just  aa 
with  tiie  other  members  of  the  group.  Bochefontaine  used  too 
large  doses,  thereby  completely  masking  the  narcotic  effect  It 
seems  to  be  indifferent,  therefore,  whether  a  molecule  of  methyl  or 
ethyl  be  introduced  so  long  as  they  replace  the  same  H  atom  is 
morphine. 

In  OUT  experiments  we  need  the  hydiocbloTate  of  ethylmorphine, 
which  is  quit«  soluble  in  water. 

Frogg. — With  doses  of  0005  -  0026  grm.  the  narcotic  stage  is  well 
marked ;  the  animal  becomes  lethargic,  the  reflexes  are  diminished, 
movements  are  not  so  active,  respiration  is  less  freijuent,  and  the 
pnpils  diminish  in  size.  With  the  smaller  doses  this  is  followed  by 
an  increase  in  reflexes,  with  the  larger  by  tetanus.  Aa  the  dose 
increases  the  narcotic  stage  gets  shorter  and  less  pronounced,  and 
the  tetanus  supervenes  more  rapidly.  Exhaustion  follows  just  as 
with  codeina  The  convulsions  are  spinal,  and  occur  or  continue 
after  division  of  the  spinal  cord  at  the  atlanto-occipitol  membrane. 

The  pupil  is  small  during  the  first  stage,  but  dilates  as  the  reflex 
excitability  increases. 

During  the  poisoning  the  motor  nerves  gradually  become  impaired 
in  ex^tability.  To  avoid  repetition  we  may  simply  state  that  tbey 
are  affected  juat  as  with  codeina 

Widi  doses  of  0'01-0'015  grm.  the  heart  ia  considerably  slowed, 
and  the  strength  of  the  beats  lessened. 

Direct  injection  of  a  solution  into  the  aorta  (OOl  grm.)  broi^bt 
on  tetanus  at  once  without  previous  depressioa 

The  minimum  lethal  does  for  a  frog  is  generally  about  2  centigrms., 
although  smaller  doses  sometimes  prove  fatal,  probably  from  ex- 
haustion after  the  tetanus. 

The  following  experiment  shows  its  action : — 

Expt.  8.— Frog,  24  grms. 

3.8. — O'Ol  grm.  ethylmorphine  hydrochlorate  in  \  cub.  cent. 
water  subcutaneoualy. 

3.12. — Pupil  much  smaller;  rather  slu^isb.  \  ■' 


jdb/GoOgl'c 


340  Proceedings  of  Moyal  Society  of  EdijibuTgh.  [sbss. 

3.16. — Pupil  etill  anuller ;  more  sluggish ;  jampB  very  haavily; 
placed  on  back,  Btrnggles  but  cannot  racover  its  position.  Beflexee 
are  much  diminished ;  only  respondB  slightly  to  pinching  toe. 

3.26. — Lies  on  back  without  straggling,  otherwtm  abont  same. 

3.46. — Reflexes  increased.  IVog  is  having  almost  continuously 
slight  tetanic  jetke.  Pupils  aie  very  dilated.  Position  is  that  of 
a  frog  poisoned  with  strychnine. 

4.6. — ^The  atighteat  touch  causes' ons  tetanic  spasm,  leaving  the 
frog  much  exhausted. 

4.90. — Some,  but  becoming  more  exhausted. 

The  duration  and  onset  of  the  two  stages  yary  a  good  deal  even 
with  the  same  dose,  this  being  doubtless  due  to  difi'erenoes  in  the 
rate  of  absorption  of  the  poison. 

RahHts. — Here  also  the  action  is  similar  to  that  of  codeioa. 
When  small  doses  are  given  the  animal  becomes  drowsy  and 
lethargic  or  sleeps  qnietly,  respiration  is  slowed,  while  the  heart  and 
pupil  are  but  slightly  affected.     It  can  always  be  easily  roused. 

When  larger  doses  are  administered  there  is  considerable  narcosis, 
intermingled  after  a  short  time  with  increased  reflexes,  which  may 
proceed  to  clonic  and  tonic  convulsions.  During  these  die  pupil 
dilates. 

When  a  lethal  dose  is  given  the  animal  quickly  dies  in  tetanus, 
just  as  with  strychnine.  About  O'l  grm.  ie  the  minimum  lethal 
dose  for  medium-eized  rabbits.  The  following  experiment,  along 
with  the  snl^oined  Table,  gives  a  tolerably  correct  idea  of  ite  general 
action  : — 

Expt.  9.— Eabbit,  1502  grm.    Ht,  32 ;  R.,  27  in  lOsecs. 

10.54. — 0-06  ethylmorphine  hydrochlorate  in  2  cub.  cent,  water 
Bubcutaneonsly. 

11.0. — Quieter,  resting  chin  on  teble;  no  increase  reflexes. 
H.,  27;  B.,  26. 

n.3, — Alarmed,  jerks  at  least  noise. 

11.6. — Had  a  clonic  convulsion  (trembling). 

11.7. — Is  a  good  deal  narcotised,  but  reflexes  are  increased,  and 
starts  spontaneously  or  on  stimulation. 

1 1 .  20.— Pupil  dilated.     In  statu  quo. 

11.47. — Lying  on  belly  narcotised,  but  can  be  easily  aroused. 
Often  gives  a  slight  spontaneous  start.     H.,  27 ;  R,  22. 
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1 2.0.  — NoTCOBie  deeper ;  reflex  excitability  ia  diffiiuishiug. 
H.,  26 ;  fi.,  12. 

1.30. — Lying  on  belly  witb  head  on  table ;  is  easily  aiouaed  but 
ralapsee  at  once  into  somnolence.  Sometimes  gives  a  faint  twitcb. 
H.,  30;  R,  8. 

3.30. — Has  gradually  recorered,  and,  although  still  very  sleepy,  is 
now  sitting  np. 

6.30. — Almoet  completely  recovered,  but  still  sleepy  and  letbargic. 
H.,33;  R.,  13. 

Action  o/ Sydrochloraie  of  MhylmorpMne  on  Rabbits. 
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Was  rfifihtly  drowsy  for  3  houre. 

Very  dUtincUj   narcotised   for  about  4   honre. 

Respiration  fell  from  29  per  10  seconds  to  4. 

Ht.  from  34  to  26.    Waa  always  easLIj  looBed. 

No  increase  refieies. 
Sams  as  in  Experiment  2. 
Lay  aa  if  deeply  asleep  for  2  hours,  and  then 

gnutoally  recovered.     Respiratioo  fell  from  10 

to   11.     Ht    and  pnpil  remained   unaltered. 

Conld  always  be  easily  rouaed. 
Experiment  8  in  text. 
Almost  same  as  S. 

clonic  spasms,  and  in  S  minutes  violent  tetanus, 
dnringwhichitdied.   iWrnOTtonwasoegative. 

The  action  of  ethybnorphine  is  therefore,  so  far  as  our  experi- 
menta  permit  us  to  judge,  exactly  similar  to  that  of  codeine,  and 
stands  in  the  same  relation  to  morphine. 

A  mylmorpkine. 

This  compound  was  formed  in  the  same  manner  as  the  methyl 
and  ethyl  derivatives,  by  allowing  morphinate  of  soda  and  amy! 
chloride  to  react  together  in  alcoholic  solution,  with  subsequent 
evaporation  and  extraction  with  chloroform.  On  converting  the 
base  into  muriate  the  salt  readily  crystallised. 
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Ofthe  chloroplfttdiiBte -3115  grm.  gave  -055  gnn.  Pt- 17-68  per 
cent. 

2[C„H,B(CBH,i)N0s]PtHaCle"  17-48  per  cent  Pt. 

Physiological  Action  of  Amylmorphine. 

The  hfdrochlorate  of  amylmorphine  was  used,  bat  ba  the  results 
ehowed  its  action  to  be  very  siniilaT  to,  if  not  identical  with,  that 
of  methyl-  or  ethylmorpbine,  it  is  nnneceesary  to  go  into  further 
details. 

Acetylmorphine. 

The  acetyl  derivatives  of  morphine  were  first  investigated  by 
Wright.  In  our  first  experiments  we  prepared  acetylmorphine  by 
the  action  of  boiling  glacial  acetic  acid  on  morphine  for  serenl 
houTS,  but  we  found  on  analysis  of  the  substance  prepared  in  that 
way  that  it  evidently  contained  morphine.  Better  results  were 
obtained  by  heating  together  at  100°  C.  equivalent  proportions  of 
anhydrous  morphine  and  acetic  anhydride.  After  reacting  for  an 
hour,  water  was  added,  and  ammonia  in  slight  excess.  The  mixture 
was  then  shaken  np  with  ether,  in  order  to' remove  the  acetyl- 
morphine, and  the  ethereal  solution  agitated  with  hydrochloric  acid, 
which  caused  the  acetylmorphine  to  separate  as  hydrochloride.  This 
salt  is  rather  sparingly  soluble  in  water.  The  chloioplatinate  dried 
at  100°  lost  no  weight  further  by  drying  at  130°. 

■124  grm.  gave  by  ignition  '023 grm.  Pto  1854  per  cent. 
2LCijHig(C,HgO)NOg.Ha]PtCl.- 18-48  per  cent  Pt. 

The  salt^  as  prepared  by  the  action  of  glacial  acid  on  moiphin^ 
gave  a  chloroplatinate,  yielding  18-20  per  cent  Pt 

Phyeiologieal  Action  of  Acetylmorphine. 

The  only  previous  experiments  with  this  alkaloid  are  those  of 
F.  M.  Pierce,  who  obtained  it  from  C.  E.  A.  Wright  He  made 
three  observations  on  dogs  and  two  on  rabbits.  These  were 
sufBcient  to  demonstrate  that  the  action  has  a  general  resemblance 
to  that  of  codeine,  but  they  do  not  show  what  relationship  qualita- 
tively and  quantitatively  exists  between  acetj-lmorphine  and  the 
other  members  of  the  morphine  group. 

Our  own  observations  were  made  on  frogs,  rabbits,  and  dogs.     As 
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the  bydrochlorate  is  not  a  Tery  solnble  salt,  we  need  a  solntion  of 
acetylmorphine  in  water  and  acetic  acid. 

■Frogs. — Doaes  of  5  milligrmB,  csoaed  lestlessDesB,  but  no  character- 
istic symptoms.  When  0-01  gnn.  is  exhibited  the  frog  shows  perfectly 
the  two  stages,  although  neither  the  narcotic  noi  the  tetanic  condi- 
tion is  very  pronounced.  With  0'016-0-026  gnn.  there  is  marked 
lethargy  and  depression  of  leflezes,  followed  in  a  veiy  short  time  by 
violent  tetanic  spasms.  The  larger  the  dose  the  more  rapidly  does 
tetanus  ensue. 

If  a  solution  (2-3  centJgrms.)  be  iiyected  directly  into  the  aorta 
tetanus  ensues  at  once  without  any  preliminary  depression  of  reflexes. 
Acelylmorphine  paralyses  or  depresses  motor  nerves  to  very  much 
the  same  extent  as  codeine  does. 

The  heart  is  markedly  slowed.  After  0-01  grm.  the  rate  fell  from 
56  to  44  per  minute. 

The  following  expeiimeate  show  its  general  action : — 

Etpt.  10.— frog,  26  grms.     B.,  20  in  10  seconds. 

2.40, — 0-01  acetylmorphine  snbcntaneously. 

2.48. — Yery  dull  and  lethai^c.     Pupils  smaller.     K.,  17. 

3.0 — Lies  on  back  if  placed  there.  Jumps  very  clumsily. 
Pupils  small.    R.,  6.    Beflexes  diminished. 

3.42. — In  same  condition. 

4.22. — Pupil  now  ve^  large;  slight  increase  in  reflexes.  Is 
active  and  lively. 

5.10. — About  same.     Narcoua  has  now  passed  off, 

Kext  day,  active  and  lively.     Slight  increase  of  reflexes. 

Ih:pt.  11.— Frog,  28  grms.     R,  16  in  10  seconds. 

10.59.— 0025  under  skin  of  back. 

11.2. — Much  more  sluggish ;  pupil  smaller.    R,  14. 

11.10. — R.  ceased.  Lies  on  back;  pupil  very  small;  responds 
only  to  severe  pinching. 

11.16. — Is  still  much  narcotised,  but  each  irritation  brings  on  a 
tetanus.     Pupil  remains  smalL  during  the  spasm. 

11.20 — Lying  in  strychnine  position.  Tetanus  occurs  spontane- 
ously and  on  irritation. 

11.35. — Is  very  exhausted  after  each  spasm,  so  that  iiritetion 
does  not  bring  on  another  until  after  an  interval  Corneal  reflex 
gone. 
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12.10. — Yety  macb  »hauBted,  and  on  irritation  gives  simply  a 
jerk. 

12.30. — Lying  as  if  dead.  Only  ugn  of  life  is  beating  of  heart, 
10  in  30  seconds. 

BiAbitt. — In  rabbits  the  narcotic  action  is  developed  after  the 
very  small  dose  of  one  milligrm.  The  stinpOF  is  bj  no  meana  pro- 
found, but  the  animal  remains  drowsy  for  some  hours ;  the  papila 
are  small,  and  the  respimtions  are  diminished  in  frequency.  When 
the  dose  is  gradoally  increased  there  occurs  marked  narcotism,  with 
great  weakness  in  the  limbs,  and  remarkable  slowing  of  the  respiration. 
The  respiration  may  be  so  much  slowed  that  the  blood  is  not 
properly  aerated  and  dyspncea  results.  When  the  dose  is  increaaed 
to  0'15-0'25  grm.  the  narcotic  stage  is  much  shortened,  the 
increase  of  reflex  excitability  comes  on  more  qnickly,  and  proceeds 
to  clonic  or  tonic  spasms  and  death.  The  heart  becomes  very 
feeble  towards  the  end. 

Just  as  with  other  memhera  of  the  morphine  group,  the  narcotised 
condition  of  the  brain  does  not  wholly  pass  off  during  the  tetanic 
stage,  although  it  seems  to  be  a  good  deal  lessened,  probably  by  the 
constant  irritation  and  state  of  disquietude  in  which  the  animal  is 
kept  by  the  spasms. 

Dogs. — In  a  spaniel  weighing  13  kilogrme.,  I  milligrm.  subcutane- 
ondy  caused  slight  drowsiness ;  lai^er  doses  (1-4  centigrme.),  while 
having  a  more  marked  narcotic  effect,  had  a  distinct  tendency  to 
cause  nausea  and  looseness  of  the  bowels. 

Eept  12.— Rabbit,  1474  grms.     Ht,  27 ;  E.,  13  in  10  seconds. 

1.32. — O'l  acetylmorphine  snbcutaneously. 

1.24.— Head  on  table.     H.,  23,  irregular  and  intermittent ;  R,  2. 

1.30.— H.,  24,  regular;  R.,  2.  Holds  head  in  air  as  if  snffering 
from  dyspncea.    Pupil  slightly  smaller. 

1.37.~H.,  27;  K.,  2  in  15  seconds;  bead  stiU  held  up.  Lying 
on  belly,  with  legs  spread  out 

1.4S- — Reflei  excitability  is  increased. 

1.55.— H.,  27 ;  R,  3.     Noise  or  touch  causes  slight  start 

2.40. — H.,  24 ;  £.,  6.  Reflexes  very  little  increased.  Legs  very 
weak ;  cannot  stand. 

4.10.— H.,  26 ;  R.,  6.  Is  still  a  good  deal  narcotised.  Reflexes 
not  increased  now. 
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7.30. — H.,  26 ;  R.,  4.  la  still  agood  da&l  narcotised,  iXext  day, 
welL 

£xpt.  13. — Rabbit,  935  grms.     H.,  29 ;  R.,  22  in  10  seconds. 

9.56. — 0'16  acetylmorphine  in  10  seconds. 

9.68. — H.,  25 ;  K.  scarcel;  perceptible.  Lying  on  belly,  with 
head  on  table.    Pupil  extremely  smalL 

lO.S. — H.,  28;  namB  scarcely  to  Ineathe.  Evidently  suffering 
fsom  dyepncea,  as  it  hoUs  its  head  backwaida  and  upwards.  No 
incieBse  leflexes.     Pnpil  still  very  email. 

laiO. — 'B.,  29 ;  R.,  3.     Slight  increase  reflex  excitability. 

10.15. — Had  elight  tetanio  jerk. 

10.25, — Has  clonic  spasms  continnoosly,  trembling  and  jerking. 
H.,  25 ;  K.,  5.    Pupils  medium. 

10.32.— Clonic  spasms  more  violent 

11.0. — H.,  27 ;  R.,  6,     Spasms  not  quite  so  freqnent. 

11.45. — Tendency  to  spasm  is  rapidly  passing  off.  Lying  on 
belly  with  chin  on  table ;  l^s  are  sprawled  out,  and  eo  weak  that 
rabbit  cannot  move  itseU.     H.,  26 ;  B.,  8. 

12.30.— Has  laiu  quietly,  H.,  29;  R,  3.  Pupil  medium. 
Stimulation  still  causes  slight  spasm. 

2.5, — H.,  29 ;  R.,  G.  Lying  on  side ;  still  gives  occasionally  a 
■light  jerk.    Resp.  is  extremely  faint  and  hardly  perceptible. 

2.20: — Died  quieUy  from  gradual  failure  of  respiration. 

Pott-mortem, — Appearances  of  asphyxia. 

Id  acetylmorphine  the  same  hydrogen  atom  of  morphine  has  been  ~) 
replaced  as  in  methyl-  or  ethylmorphine,  but  by  an  acid  radical  ) 
(acetyl)  instead  of  an  alkyl  radical.  Its  action  is  much  nearer  to  . 
that  of  codrane  than  to  that  of  morphine. 

Compared  with  morphine,  its  power  of  caosing  tetanns  is  much 
increased,  while  its  narcotic  effects,  although  visible  after  smaller 
doses,  are  not  nearly  so  deep.  As  soon  as  we  increased  the  dose 
for  the  purpose  of  deepening  the  narcosis,  the  increase  of  reflexes 
was  developed  and  disturbed  the  narcotic  effect.  The  depressant 
action  which  it  exerts  on  respiration  is  mnch  greater  than  that  of 
morphine. 

Compered  with  codebe,  an  equal  narcotic  effect  is  induced  in 
rabbits  by  about  one-tenth  of  the  dose,  while  about  a  three  times 
larger  dose  is  necessary  to  cause  tetanus.    Qualitatively,  therefore, 
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we  find  that  acetylniorphiiie  cloeely  resembles  the  other  membeis  of 
the  group,  dliforiDg  chiefly  quantitatively  and  in  some  slight  matters 
of  detail, — that  is  to  say,  it  acts  on  the  same  syetems  and  organs 
of  the  body,  and  affects  them  in  a  similar  manner. 

Adion  of  Ae^lmorphine  on  SubbUs. 
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Wm  distinctly  drowsy  for  2  htnmu     Ke«pi™- 
UoD  fell  from  23  per  10  seconds  to  11. 

aboat  2  hours.  Lay  during  this  time  as  it 
soundly  asleep.  After  9  minntei  respiration 
had  fallen  from  IB  to  4  per  10  seconils. 
Heart  remained  same. 

SanieaaZ 

lu  10  miDQtes  after  admiDJitratian  lay  on 
bell;  with  chin  on  table  as  if  soanctly  adeep, 
and  remained  so  for  3  liours,  then  stowty 

remained  same. 
In  2  minutes  was  drowsy,  and  pupils  smallor  ; 
in  4  minutes  respiration  had  fallen  from  22 
to  6  per  10  seconds  aud  papil  very  small  ; 
cannot  stand  np;  in  10  minutes  respiration 

and  gradually  recovered. 
Was  drowsy  in  2  minutes ;  pupil  very  small  in 
4  miuut^  snd  re8]nrslion  tell  from  IB  to  E. 
Lay  for  6  hours  as  if  deeply  asleep ;  difficalt 

increase  in  reflexes. 
Experiment  12  in  text. 
Experiment  13  in  text. 
Same  as  Experiment  9. 

Diacetylmorph  itte. 
This  compound  was  prepared  by  the  action  of  acetic  anhydride 
on  anhydrous  morphine,  in  the  proportion  of  25  parte  of  the 
former  to  30  parts  of  the  latter.  When  a  smaller  amount  of  acetic 
anhydride  was  used,  the  product  was  found  to  be  mixed  with  the 
monacetyl  derivative.  After  digesting  the  morphine  and  acetic 
anhydride  together  for  several  hours  on  the  water-batb,  the  product 
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was  evaporated,  token  up  with  water,  and  alight  excess  of  BodiDin 
carboDftte  added.  The  mixture  was  then  Bhaken  up  with  chloro< 
{orm,  which  on  evaporsting  left  a  ctystalline  residue.  This  was 
dissolved  in  hot  alcohol,  the  solntion  left  to  crystalliBe,  and  the 
crystals  separated  and  pressed.  Prom  these  a  chloroplatinate  was 
prepared,  and  a  portion  of  it  dried  in  watei-bath. 

•266  gnu.  gave  -043  Pt.  - 16-86  per  cent 
PortioD  dried  in  air-bath  at  130°  C. 

-2986  grm.  gave  -0605  Pt- 16-91  per  cent. 
2[C„H„(CsHaO)sNOj.HCl]PtCl«  =  l7-13  percent 

Phymologieal  Actum  of  Diaeetylmorphine. 

Fierce  also  made  a  few  experiments  on  dogs  with  this  alkaloid, 
and  obtained  much  the  same  results  as  with  acetylmorphine. 

Our  experiments  were  made  on  frogs,  rabbits,  and  dogs  with  a 
solution  of  diacetj] morphine  in  acetic  acid  and  water. 

We  found  its  action  to  be  exactly  similar  to  that  of  acetylmor- 
phine,  and  hence  a  detailed  account  is  superfluous.  It  seems  to  us 
to  be  elightlj  more  active,  both  as  a  narcotising  and  tetanising  agent, 
hut  otherwise  there  is  no  difference.  The  lethal  dose  in  about  the 
same,  and  the  same  very  Temarknble  slowing  of  the  respiration  was 
observable. 

For  purposes  of  comparison  we  give  notes  of  some  of  the  experi- 
ments. 

Eai^t.  U.— Babbit,  1530  grms.     H.,  34;  B.  19  in  lOseconds. 

12.48. — 0-01  diacetyl morphine  snbcutaneously. 

13.50. — Drowsy. 

12.62. — H.,  27;  K.,  3.  Pupils  much  smaller;  chin  resting  on 
table,  exactly  as  if  sound  asleep. 

12.68. — H.,  29 ;  fi.,  1.     Blood  in  ear  vessels  looks  very  venous. 

1.30.— H.,  30;  R.,  2.     Very  narcotised,  no  increase  reflexes. 

S.O.— H.,  33 ;  R..  5. 

2.30.— H.,  29;  E.,  2  Lying  as  if  very  sound  asleep.  Easily 
roused,  but  falls  asleep  again  almost  at  once. 

3.30.— H.,  30;  R.,  3.    About  same. 

4.30.— H.,  29  ;  R.,  6.  Still  rather  drowsy ;  can  move  about,  but 
legs  are  very  shaky  and  weak. 

Expt.  16.— Rabbit,  840  grma     H.,  28;  R.,  16  in  10  seconds. 
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10.53. —0-12  gnn.  diacetylmorpMne  snbcataoeonsly. 

10.58.— H.,  29 ;  R,  2.     Pupils  amaUer ;  lying  on  beUy. 

11.0. — H.,  30;  R.,  3.     Increase  of  reflexes  marked;  pnpil  Uige. 

11,6. — Violent  tetanic  convulsion,  followed  shortly  by  two  mon. 

11.20. — Lying  on  belly;  frequently  starts  violently,  and  some- 
timee  has  tetanns.    H.,  28 ;  R.,  3. 

12.30. — Clonic  apaama  have  been  nearly  continuoua;  head,  neck, 
and  legs  are  jerked  almost  without  ceasing,  and  the  teeth  are  gnashed. 
Touch  causes  a  start.     H.,  28 ;  R,  3. 

2.30. — Has  been  same,  and  has  had  several  violent  tetanic  attacks. 

2.00. — Lying  on  side,  having  frequent  tetanic  attacks,  very  nearly 
dying  in  each.    Pupil  large.     H.,  12 ;  B.,  4. 

3.20. — Died  during  a  convulsion. 

Post-mortem  examination  was  negative,  except  the  ordinary 
appearances  of  death  by  asphyxia. 

Action  of  Diacdylmorphine  on  SaiibUg. 
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Was  drowsy  for  aboat  2  boors ;  reepiratioii  fell 
from  19  to  9  per  10  secoads. 

17  to  8. 
Was  dronay  in  2  minutes  ;  in  4  minntes  Uy 
down  with  chin  on  table ;  pupils  very  Bmsll  ; 
in  14  minutes  respiration  waa  3  in  10  Beconda  ; 
weak  on  legs  and  cannot  stand.     Remained 

ExpPTiment  11  in  text 

aeconda.     Lay    sa  if  deeply   asleep ;   pupils 
small;  legs  verj  weak.     KemoiDed  «o  for  tl 
hours. 
Beeame  deeply   narcotised   in  a  tew  minntea. 
Temperature,  pulae-rste,  and  reapiration  fell ; 

Was  deeply  narcotised  aU  day. 
Experiment  16  in  text 

Mnch   the  asme  as  in  Eiperiment   8.   but  re- 
covered. 

In  a  dog  weighing  7400  grnis.  the  odminiatration  of  6  milli- 
grammea  caused  drowsiness  fot  three  hours.    There  was  consider- 
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Able  fall  of  heort-Ttito  and  respiration,  Balivation  and  a  tendency  to 
dianboea.  The  narcosie  was  by  no  means  deep.  Larger  doses,  of 
2  and  6  centigr&mmee,  caused  aymptoma  very  similar  to  what  CL 
Bernard  has  described  as  occurring  in  dogs  after  codeina 

Setaoj/lmorphine. 

This  body  was  originally  prepared  by  the  action  of  benzoyl 
chloride  on  morphine.  The  process  has  the  disadvantage  in  that, 
if  an  excess  of  alkaloid  be  need,  there  is  apt  to  be  a  very  small  yield 
of  the  desired  product,  while,  on  the  other  hand,  if  excess  of  benzoyl 
chloride  be  employed,  there  is  sure  to  be  formation  of  a  certain 
amonnt  of  dibenzoylmorphine.  It  occurred  to  us  that  the  method 
which  succeeded  with  alkyl  chlorides  might  also  be  applied  with 
chlorides  of  acid  radicals.  Accordingly  30  grms.  of  morphine  were 
dissolved  in  alcohol  with  4  grms.  of  caustic  soda,  and  14  grms.  of 
benzoyl  chloride  added.  The  mixture  was  allowed  to  stand  in  the 
cold  for  twelve  honia,  then  heated  to  boiling  and  ar^Mnted.  Water 
and  a  little  sodium  carbonate  were  added  to  the  reeidna,  the  mizturo 
shaken  up  with  chloroform,  filtered,  and  the  chloroform  separated 
and  evaporated.  The  residue  so  obtained  was  purified  by  crystal- 
lination  from  hot  alcohoL  From  the  product  a  chloroplatinate  was 
prepared  and  dried  at  130°.  Of  this  -373  gnu.  gave  -0605  grm. 
Pt.  =  16-22  per  cent 

2[CjTHig(CjHjO)irOj.HCl]PtCa<- 16-48  per  cent.  Pt. 

The  base  gives  no  blue  coloration  with  ferric  chloride.  As 
observed  in  the  aii^bath,  it  fused  at  168°  C.  When  converted  inte 
hydrochloride,  the  strong  aqueous  solution  showed  no  signs  of 
crystallisation  even  after  several  days.  From  these  results  it  is 
evident  that  the  above  method  of  double  decomposition  proceeds 
with  benzoyl  chloride  as  it  does  with  methyl  chloride. 

Physiological  AeHon  of  Bemoylmorpkitie. 

The  physiological  action  of  this  substance  has  not  been  previously 
•  investigated.  After  a  few  experiments  it  became  evident  to  us 
that  the  action  is  practically  identical  with  that  of  ace^lmorphine. 
In  frogs  5  milligrms.  caused  a  slight  degree  of  narcosiB,  followed 
by  increase  of  redexes.     One  centigrm,  induced  marked  narcoei^ 
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followed  bf  tetanua  in  a  quarter  of  an  hoar  or  more,  while  2  centi- 
grma.  was  a  lethal  dose. 

The  action  on  rabbits  can  be  seen  from  the  subjoioed  Table. 

Filehue  has  stated  that  henzoylmorpbine  is  a  local  anesthetic, 
but  after  a  number  of  experiments  on  ouiselves  and  on  animalu 
wB  are  unable  to  confirm  his  results. 

Beneoyl,  like  acetyl,  is  an  acid  radical,  and  our  resulte  seem  to  show 
that  it  is  of  little  consequence  as  regards  action  which  of  them  is  tntro- 
duoed,  so  long  as  they  replace  the  same  hydrogen  atom  in  morphine. 

Action  of  Bfiaoylmorphine  on  EabbiU. 


No. 

i' 

Ba«to 

11 

«^ 

1 
2 

3 

1500 
1804 

1580 
IBM 

0-001 

0-005 

0-01 
0-1 

o-oooaa 

0-0080 

0-0064 
0-064 

Laj  for  2i  hours  aa  if  gently  asleep ;  respira- 

tiou  fell  fiom  17  to  10  per  10  seconds. 
Ur  sa  if  aaleep  for  6  hoors.     Was  a  good  denl 

In  5  minutes  respiration  feU  from  16  per  10 
seconds  to  11,  and  in  11  minntea  to  3. 

Wat  deeply  narcotisBd  for  6  hours.  Respim- 
tion  rapidly  fall  from  24  to  2  iu  10  seconda. 
No  increase  refleieA, 

Waa  HtGrat  much  narcotised,  but  in  SO  minntM 
refleies  had  greatly  increased  sad  in  27 
minutea  had  tetanus.  After  lasting  for 
aboat  6  hours,  the  tetanic  condition  passed 
off,  but  the  animal  remained  deeply  nar- 
cotised for  many  hours  a^rwarda 

Dibemoyhnorpkine. 
10  grms.  of  anhydrous  morphine  and  20  grms.  benzoylchloride 
were  together  heated  in  a  sealed  tube  placed  in  a  water-bath  for 
seven  hours.  The  contents  of  the  tube  were  then  evaporated,  the 
residue  treated  with  hot  water,  and  excess  of  ammonia  added.  The 
whole  was  now  shaken  up  with  chloroform,  and  the  latter  evapor- 
ated. There  were  no  signs  of  crystBlliaation ;  wherefore  the  sub- 
stance was  dissolved  in  ether,  and  the  ether  driven  off,  but  the  solu- 
tion refused  to  crystallise.  Its  chloroplatinate,  dried  at  140°  C, 
waa  ignited.  -2565  grm.  gave  '0365  grm.  Pt  =  14'23  per  cent. 
2[C,7Hij(CjH,0)2NO3-HCl]PtC),  =  U-03  percent  Pt 
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It  was  attempted  to  further  purify  the  compound  by  treatiug 
with  alkali,  washing  the  precipitate,  and  dissolving  the  same  in 
alcoboL  Crystals  furmed  very  slowly,  were  rather  dark  in  colour, 
and  gave  a  platinum  salt,  which  yielded  only  13'S  per  cent,  of 
metal  on  ignition ;  whence  it  is  probable  that  the  dibenzoyl 
deriTative  is  somewhat  prone  to  decomposition,  and  ia  therefore 
not  a  very  satisfactory  compound  to  work  with. 

Phynological  Action  of  Dihenzoylmarpliine. 
So  far  as  we  could  judge,  the  action  of  this  substance  given  by 
the  stomach  resembles  ^e  action  of  benxoylmorpbine.  It  was  im- 
possible to  carry  out  exact  observations,  aa  the  attempt  to  form  a 
soluble  salt  of  dibenzoylmorphine  by  adding  acid  resulted  in  the 
compound  being  broken  up  and  benzoic  acid  precipitated. 

MelhylmoTphium  Chloride  {Morphine  Methoehioride). 
When  methylchloiide  is  brought  in  contact  with  morphine  in 
solution,  preferably  under  pressure,  direct  combination  of  the  two 
compounds  takes  place.  If  morphine  methoehioride  were  a  com- 
pound strictly  analogous  to  morphine  hydrochloride,  we  should 
expect  that  the  former  would  yield,  on  treatment  with  potash, 
potassium  chloride,  methyl  alcohol,  and  morphine.  As  a  matter  of 
fact,  however,  we  obtain  potassium  chloride  and  methylmorphium 
hydroxide  (morphine  methohydroxide),  no  precipitate  of  morphine 
being  obtained  under  any  circumstances.  When  a  morphine  or 
methylmorphine  salt  is  heated  in  a  sealed  tube  with  hydrochloric 
acid,  apomorphine  is  the  chief  product  of  the  reaction.  On  heating 
methylmorphium  chloride  in  the  same  manner,  we  have  fonnd  that 
no  apomorphine  is  formed.  The  compounds  formed  by  the  union 
of  an  alkaloid  with  an  alkyl  haloid  were  described  by  Crum  Brown 
and  Frasei  as  methylmorphium  iodide,  ethyl  stiychninm  chloride,  &c, 
to  indicate  that  theee  are  analogous  to  the  corresponding  ammonium 
compounds,  the  alkaloids  bom  which  they  are  derived  being  analo- 
gous to  ammonia.  The  compounds  in  question  are  now  more 
usually  described  as  morphine  methiodide,  strychnine  ethochloride. 
&c.,  these  names  being  considered  mora  systematic  from  a  chemical 
point  of  view,  but  the  nomenclature  adopted  by  Crum  Brown  and 
Fraser  is  probably  the  better,  from  a  pharmacological  standpoin^ 
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A  cnriouB  error  hoa  crept  into  Beveml  text-booka  referring  to  these 
additive  compoundB  of  slkoloids,  an  error  wMch  amonnta  to  a 
miarepresentation  of  the  investigation  of  Cnun  Brown  and  Fraser. 
In  theae  books  the  compounds  are  referred  to  as  substitution  com- 
pounds, in  which  hydrogen  has  been  replaced  by  an  alcohol  radical, 
vhereas  they  are  addition  compounds.  Stolnikow,  in  his  paper 
on  morphine,  and  Boehm  (Uet^ifte,  p.  3),  have  made  this  same 
mistake. 

The  methylmorphiam  chloride  employed  in  oar  experiments  was 
prepared  as  follows.  Morphine  was  diseolTed  in  hot  methyUted 
spirit  with  a  proportion  of  soda,  and  gaseous  methyl  chloride  passed 
into  the  aolntion.  The  alcohol  waa  then  evaporated,  and  the  codeine 
extracted  by  means  of  chloroform;  after  wliich  the  aolution  was 
neutralised  with  hydrochlorio  acid,  and  faint  excess  of  ammonia 
added.  By  this  proceaa  the  morphine  waa  separated,  and  on  evapo- 
rating the  motherliquoi,  methylmorphium  chloride  crystallised  out 
The  salt  waa  purified  by  aeveral  crystallisations  from  water,  and 
was  obtained  in  colonrlese,  well-defined  prisms.  The  solution  gave 
no  precipitate  with  ammonia  or  sodium  carbonate,  and  otherwise 
behaved  like  a  methylmorphium  salt. 

The  salt  lost  weight  by  exposure  in  the  water-bath,  bnt  even  at 
1 20°  C  was  not  completely  dried.  On  nunng  the  temperature  to 
140*-145°  -4997  grm.  lost  -0475  grm. 

Loss  of  weight  at  140*  =  9*506  per  cent 
C,jH„NOg.CH,CL2Hi,O-9-690  per  cent  HjO. 

The  chlorine  was  estimated  in  the  air-dry  salt  by  dissolving  in 
water,  adding  nitric  acid  and  nitrate  of  silver,  according  to  the 
usual  method. 

■5385  gave  -208  Ag  01=  0514  CI,  which  is -9 -64  per  cent.  CI 
0,^ijIfOs.CHj.C1.2HjO  -  9-56  per  cent  CL 

In  a  second  determination  -621  grm.  gave  -239  Ag  01- -0591 
CI,  which  is -9-51  per  cent 

The  chloroplatinate  was  prepared  by  dissolving  the  salt  in  water, 
adding  slight  excess  of  platinic  chloride,  and  washing  the  collected 
precipitate  with  cold  water.  '268  grm.  of  the  chloroplatinate  (di; 
in  water-bath)  was  incinerated,  and  left  -0496  platioum  - 18-50  per 
cent 

{CnHieNOyCHgClVPtCl^-SHjO-lS-Cl  percent 
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Another  portion  of  tlia  chloropktinate  was  dried  in  air-batli  at 
120*  C.  -271  grm.  incinerated  left  -0528  grm.  Pt.,wliidi  i8  =  19-48 
per  oeoL 

(C„H,jNOj.CHgCl)jPtCl,=  19-50  per  cent  Ft. 

Pkyeiologieal  Action  of  Methylmorphium  CMoride. 

The  only  previons  iaveat^tion  into  the  action  of  this  body  is 
that  of  Cnim  Brown  and  Fraser.  Oai  rosulta  confirm  theirs  in 
some  reapecte,  bnt  differ  materially  in  others,  and  hence  it  may  be  well 
to  give  a  summary  of  their  experiments.  They  used  the  iodide  and 
■alphate  of  methylmorphium,  and  performed  the  following  experi- 
ments with  them  : — 20  grains  of  the  iodide  were  given  snhcutaneously 
to  a  rabbit,  euapended  (but  not  dissolved)  in  2  drachms  water ;  30 
grains  were  given  per  os.  Dr  Eraser  took  J  and  1  grain.  In  no 
case  was  any  visible  effect  produced.  The  iodide  is,  however, 
owing  to  ite  inHolubility,  an  unsnitable  salt  for  experiment,  and 
would  dissolve  so  very  slowly  that  its  effects  might  be  inappreciable. 
Hence  these  observatiDnB  may  be  left  out  of  account.  To  get  rid  of 
this  fallacy,  they  used  the  salphate,  which  is  qoite  soluble.  Doses 
of  2,  3,  4,  5,  and  6  grains  gave  marked  symptoms,  while  10  grains 
was  fatal  to  rabbits  in  55  minutes,  and  15  grains  in  7  minutes. 

On  frogs  they  performed  four  experiments.  One  grain  of  iodide 
of  methylmorphium  caused  paralysis,  followed  by  recovery ;  3  grains, 
paralysis,  followed  by  deatL  Two  experiments  made  with  1  grain 
of  the  sulphate  caused  death,  preceded  by  paralysis.  In  neither 
case  was  the  duration  of  the  symptoraa  observed.  Their  conclusions 
are  given  as  follows : — "  It  has  been  proved  in  a  moat  satisfactory 
manner  that  sulphate  of  methylmorphinm  possesses  no  convulsant 
action ;  for  neither  in  the  experiments  we  have  described  in  detail, 
nor  in  any  of  the  others  we  performed  with  this  substance,  wss 
there  any  trace  of  spasmodic  action  or  of  exa^eiation  of  the  reflex 
function.  It,  however,  undoubtedly  causes  hypnotic  symptoms. 
It  would  therefore  seem  that  sulphate  of  methylmorphium  agrees 
with  morphia  in  possessing  a  hypnotic  action,  but  differs  from  it  in 
producing  patalysia  and  in  being  free  from  all  convulsant  action." 
lliey  bold  that  the  most  prominent  action  of  methylmorphium 
consists  in  paralyais  of  the  terminations  of  motor  nerves,  and  that 
this  is  the  cause  of  the  general  paralysia. 

VOL.  zvn.         2S/9/90  2 
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Oai  lesnlte  agree  with  theiia  as  i^ards  the  fact  that  metbyl- 
morphium  retaiaa  the  narcotic  action  of  morphiue,  but  ve  find  that 
it  also  rotains  the  tetanising  action  to  a  very  marked  degree.  As 
Cram  Brown  and  Frosei  point  out,  the  action  on  motor  nerves  is  a 
markedly  paralysing  one,  but,  as  we  shall  show,  this  obscured  the 
tetanus  and  led  them  to  Incomplete  conclusions.  The  four  frogs 
on  which  they  experimented  received  too  laige  doses,  and  weie  not 
observed  for  a  sufficient  length  of  time  to  show  the  proper  develop- 
ment of  the  action  of  methyl  morpMum. 

Oar  experiments  were  made  on  frogs  and  rabbits  with  the  chloride 
••i^  metbylmorphium,  which  is  a  very  soluble  salt 

F^ogs. — "When  a  small  dose  of  6  milligrms.,  or  a  larger  doee,  is 
given  subcutaneously  to  a  frog,  the  symptoms  are  very  much  the 
same  in  all  cases.  The  animal  speedily  passes  into  a  more  or  less 
flaccid  condition,  and  remains  so  for  a  length  of  time  varying  with 
the  size  oi  the  dose. 

On  examining  more  particularly  into  the  causes  of  this  paralysis, 
and  into  what  parts  of  the  nervons  system  ore  affected,  we  found 
that  these  depended  greatly  on  the  amount  of  metbylmorphium 
administered.  When  a  small  or  medium  dose  is  given,  the  brain 
and  spina]  cord  are  depressed  in  very  much  the  same  way  as  by  a 
small  dose  of  morphine,  while  the  motor  nerves  are  left  practically 
Duaffected.  The  depression  is  followed  by  slight  increase  of  the 
reflex  excitability. 

This  is  shown  in  the  two  following  experiments : — 

Bxpi.  16.— Frog,  31  grms.     R,,  22  in  10  seconds. 

11.38 — 0'005  in  J  cub.  cent,  water  subcutaneously. 

11,47, — Is  much  duller;  reflexes  much  diminished.     R,  14. 

11.68. — Lies  on  back  if  placed  there ;  reflexes  much  diminished  ; 
movements  badly  co-ordinated,     R,  12. 

12.4. — Left  sciatic  nerve  exposed,  and  when  stimulated  at  220 
mm.  (Du  Bois  Eteymond  Coil)  gives  marked  contraction  of  muscles. 

12.12. — Reacts  only  by  slight  twitch  when  severely  pinched  with 
foreeps.     Sciatic  nerve  markedly  excitable  at  220  mm. 

1.0 — Is  quite  flaccid ;  scarcely  responds  to  severe  pinching.  Left 
sciatic  quite  excitable  at  200  mm.,  right  sciatic  at  180  mm. 

2.10. — Recovering;  moves  about  if  pinched.     Nerves  same. 

6.30. — Is  still  rather  depressed,     Nerves  some. 
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M^.  17. — Frog,  24  grms.  Whole  tissues  of  right  thigh  Uga- 
tarad  except  sciatic  nerve. 

2.36. — O'OOS  grm.  methylmorphiom  chloride  sahcutaneoasly. 

2.40.— Much  duller. 

2.44. — Lies  on  back  ;  ceased  to  respire. 

2.4S. — No  response  to  eevere  pinching  with  forceps.  Bight 
scoBttc  quitu  excitable  at  90  mm.;  left  sciatic  quite  excitable  at 
90  mm. 

6.O.— Has  been  in  same  condition.  Both  sciatic  norves  are 
equally  excitable  at  100  mm. 

Next  day. — Has  recoTcred  greatly ;  active  and  ItTely;  slight  iq-.' 
crease  in  reflex  excitability.     Both  sciatic  serves  are  equally  excit- 
able. 

From  these  ezperimenta  it  is  evident  that  the  brain  and  spinal 
cord  are  much  depressed  in  activity,  the  motor  nerves  being  left 
intact,  or  nearly  so.  The  paralysis  and  narcosis  are  due  entirely  to 
the  action  on  the  nerve  centres. 

After  la]^er  doses  deep  narcosis  quickly  supervenes,  with  greatly 
diminished  reflexes,  indifference  to  painful  stimuli,  and  contraction 
of  pupils.  Uuch  later,  complete  paralysis  or  marked  depression  of 
the  motor  nerve  termination  comas  on,  but  as  soon  as  tliia  'bos 
passed  ofi  the  reflex  excitability  is  seen  to  be  greatly  increased. 

These  results  are  shown  in  the  following  experiment: — 

Eiytt.  18.— Frog,  24  gims. 

12.3. — 0*01  methylmorphtum  chloride  subcutaneously. 

12.10. — Lying  quite  flaccid ;  both  pupils  amall;  reflexes  greatly 
diminished.     When  pinched  crawls  away. 

12.15. — Makes  very  slight  response  to  severe  pinching.  Both 
sciatic  nerves  quite  excitable  at  120  mm. 

12.4.5. — Faint  twitch  of  muscles  when  sciatic  nerves  ore  stimu- 
lated. 

1.20.^ — Sciatic  nerves  inexcitable  to  strongest  current 

Next  day. — Beflexee  are  slightly  increased.  Frog  active  and 
lively. 

Third  day. — Beflex  excitability  is  bow  markedly  exaggerated. 

In  another  experiment  in  which  the  same  dose  was  given  the 
motor  nerves  were  never  completely  paralysed,  although  much  de- 
pressed in  electric  excitability. 
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When  0-02  gnu.  and  upwards  is  given,  there  is  mtirked  deprea- 
aioD  of  the  bnin  and  spinel  cord,  but  very  soon  (in  ^J  hoar)  the 
motor  nerves  begin  to  be  impaired,  and  finally  their  excitability  is 
entirely  aboliehed.  With  the  emaller  of  these  doses  the  pandyeis 
of  motor  nerves  passes  off  next  day,  and  the  frog  is  foaod  to  be  in 
a  condition  of  greatly  increased  reSex  excitability,  hut  if  the  dose 
be  3  centigrammes  or  upwards  it  generally  dies  before  the  paralysis 
has  passed  off. 

Expt.  19.— Fm^,  31  grms. 

2.20. — 0'02  grm.  metbylmorphium  chloride  snbcutaneously, 

3.40. — Has  gradually  become  more  and  more  flaccid;  pupils 
extremely  smalL     Both  sciatic  nerves  paralysed. 

Second  day. —Sitting  up  in  its  natural  position.  The  reflex  ex- 
citability ie  greatly  increased ;  pupils  large. 

Third  day. — Found  dead. 

When  the  alkaloid  is  given  subcutaneously  the  reflex  excitability 
is  never  so  much  increased  as  to  amount  to  tetanus,  the  reason 
being  that  doeee  large  enough  to  cause  t«tanus  kill  the  animal  before 
the  paralysis  of  motor  nerves  has  passed  ofl.  If,  however,  the 
motor  nerves  be  protect«d,  and  the  methyl morpMum  be  tJien  injected 
into  the  aorta  so  as  to  reach  the  spinal  cord  at  once,  we  get  im- 
mediate violent  tetanus,  just  as  we  have  seen  with  morphine  itself, 
01  with  codeine  and  otlier  morphine  derivatives.  This  proves  con- 
clusively that  methylmorphium  still  retains  the  convulsant  action 
which  is  simply  masked  by  its  paralysing  action  on  motor  nerves. 
The  following  experiment  may  serve  as  an  example  : — 

Expt.  20. — Frog  decapitated;  body  ligatured,  except  lumbar 
nerves ;  right  aorta  tied ;  cannula  in  left  aorta. 

11.10. — 003  gnn.  in  1  cub.  cent,  water  injected  into  left  aorta. 

At  once  there  was  rigid  tetanus,  which  lasted  till  11.21,  when 
it  became  somewhat  relaxed. 

11.25. — Each  stimulation  causes  one  tetanic  spasm. 

11.34. — Response  much  feebler  to  stimulation. 

12.0. — A  faint  twitch  on  stimulation.  The  lumbar  nerves  are 
still  quite  excitable  to  electric  stimulation,  hence  the  exhaustion 
must  be  due  to  paralysis  of  the  spinal  cord. 

Two  centigrammes  administered  in  the  same  way  gave  similar 
results,  hut  small  doses  such  as  6  milligrammes  caused  deprewion 
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of  spinal  cord,  just  as  we  found  small  doses  of  morphine  or  codeine 
to  do.  We  found  2  centigrammes  and  upwards  to  be  a  lethal  dose 
for  frc^s.  The  heart  beats  well  long  after  paralysis  is  completely 
developed. 

Rabbits. — On  labbita  methylmorphiam  chloride  has  the  same 
action  as  on  frogs,  but  owing  to  their  higher  organisation  the  details 
cannot  be  worked  out  in  the  same  complete  manner.  When  2^  to 
S  centigrammes  are  given  subcutaneously  drowsiness  and  narcotism 
ensue,  apparently  without  any  paralysis  of  motor  nerves.  With 
laigeT  doses  there  is  marked  narcotism,  probably  some  depression  of 
motor  nerves,  and  a  tendency  to  increased  reflex  which  is  never 
very  pronounced.  Probably  it  is  obscured  by  the  depression  of  the 
motor  nerves.  As  soon,  however,  as  the  dose  is  large  enough  to  | 
psralyse  the  motor  nerves  death  occurs  rapidly  from  asphyxia. 

The  blood-vesaels  in  ears  were  seen  always  to  dilate  enormously. 

Exjd.  21.— Rabbit,  1653  grms.     H.,  32;  R.,  26  in  10  seconds. 

12.4. — 0-3  methylmorphium  chloride  subcutaneously. 

12.13.— Gait  less  steady.     H.,  33  ;  E.,  24. 

13.19. — Lying  down.  Trembles,  and  occasionally  gives  a  slight 
start  1  starts  if  tapped  or  on  hearing  a  noise  ;  pupils  widely  dilated. 

12.25. — Very  flaccid,  but  gives  occasionally  a  spasmodic  jerk; 
sciatic  nerves  are  much  depressed  in  excitability.     H.,  38 ;  £.,  6. 

12.40. — Had  an  irregular  convulsion  (probably  dyspnceic,  not 
tetanic);  corneal  reflex  very  sluggish;  pupil  dilated;  sometimes 
gives  a  violent  start  on  stimulation. 

1.5. — Sitting  up.  H.,  27  ;  R.,  14.  Increase  in  reflexes  has  com- 
pletely passed  oft;  still  drowsy. 

5.0. — Has  gradually  recovered. 

Expt.  22.— Babbit,  780  grms.     H.  28;  R.,  23  in  10  seconds. 

2.36. — 0'5  grm.  subcutaneously. 

2.39.— Chin  fallen  on  table;  pupils  smaller.     R.,  12. 

2.40. — Lies  in  any  position  as  if  deeply  narcotised;  gives  oc- 
casionally a  start. 

2.42. — R,  is  difGcult;  pupil  very  small;  cyanoaed, 

2.43. — Died  quietly.  The  motor  nerves  were  found  inexcitable 
to  electric  stimulation,  otherwise  nothing  remarkable. 

The  minimum  lethal  dose  seems  to  be  about  3  decigrammes  for 
medium-sized  rabbits,  about  the  same  as  the  lethal  dose  of  morphine, 
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bat  ila  tendency  to  paralyse  motor  nerves  probably  makes  it  Bome- 
vhat  more  deadly. 
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of  Methylmorphium  Chloride  on  mAbits. 
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0-016 

Slightly  droiva;  for  2)  hours. 

0-03 

tell  in  42  mmuMs  from  23  to  12  Mr  10  seconds. 

O'oe 

and  lay  down.  In  38  minutes  therewasslight 
increase  in  reflexes,  which  soon  passed  off,  and 
animal  remained  drowsy  all  day. 

0-112 

tion  there  was  slight  increase  of  reflexes,  vhich 

0-172 

About  same  as  Eiperiment  7. 

0-167 

Same  lymptomi  u  in  Experiment  7,  but  died  in 
1   hour  40  minutes  from  paralysis  of  motor 

0-180 

0-81)2 

Same  as  in  Experiment  S. 

0-86 

Prom  the  foregoing  eiperimente  it  is  obvious  that  the  addition  of 
a  molecule  of  methylchlonde  to  morphine  does  not  alter  its  physio- 
logical action  bo  profoundly  as  has  been  stated.  The  paralyung 
action  on  motor  nerves  is  coueiderably  increased  and  the  narcotic 
action  is  lessened,  but  qualitatively  its  efleda  on  the  animal  organism 
remain  similar  to  those  of  morphine. 

Looking  at  the  matter  from  a  chemical  point  of  view,  this  is  what 
one  would  expect.  Here,  just  as  in  the  case  of  methylmorphine  or 
acetylmorpbine,  &o.,  we  have  not  made  any  profound  chemical 
change  in  the  intimate  structure  of  the  morphine  molecule.  We 
have  simply  added  on  a  radical  to  one  of  its  outlying  groups,  and 
although  the  addition  has  altered  the  quantitative  action  it  has 
left  untouched  the  qualitative, 

Methylcodeium  Suipkate. 

Equivalent  quantities  of  codeine  and  iodide  of  methyl  dissolved 
in  rectified  spirit  were  heated  in  the  water-bath  in  a  sealed  tabe 
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until  the  iodide  of  methylcodeitim  was  formed  (CjgHjiNOgCHgl). 
It  ia  not  very  soluble  iii  water,  and  was  decomposed  by  treatment 
vith  sulphate  of  ailver,  when  iodide  of  silver  was  thrown  down,  and 
the  easily  soluble  sulphate  of  methyloodeium  was  left  in  solation. 
After  purification  and  several  lecryatallisationa  it  waa  obtained  in 
the  form  of  large  colourless  crystala  It  is  an  addition  compound, 
the  sulphate  of  methyl  being  simply  added  on  to  codelna 

Pkj/tiqlogical  Adion  a/ Meihyl-Codeiam  Sulj)hiUe. 

The  only  experiments  which  have  been  previously  made  with 
tbia  substance  are  those  of  Cram  Brown  and  Fraser  who  worked 
vith  the  iodide  and  the  sulphate.  With  the  iodide  of  methyl- 
codeium  (a  tolerably  soluble  salt)  they  saw  no  symptoms  in 
rabbits  after  5  grains  snbcutaneously,  while  10  and  10  gre.  caused 
some  degree  of  paralysis,  followed  by  recovery  in  a  few  hours,  and 
20  grs.  was  fatal  in  13  minutes.  With  the  sulphate,  4  grains 
subcutaneously  bad  no  eSect,  while  8  grs.  caused  aome  degree  of 
paralysis,  and  10  gra.  death  in  19  minutes. 

On  froga  four  ezperimenta  were  performed:  two  of  these  with 
2  and  2J  gre.  iodide  of  methyl-codeiam  and  two  with  1  gr. 
sulphate.  In  all  the  result  waa  death,  preceded  by  paralysis.  The 
paralysis  commenced  in  from  11  to  21  minutes  after  administration, 
and  in  no  case  waa  the  duration  of  the  symptoms  or  the  time  of 
death  observed.  They  sum  up  thus  :  "  We  learn  from  our  experi- 
ments that  the  iodide  and  sulphate  of  methyl- codeium  have  a  very 
different  action  from  codeia.  We  have  never  observed  any  hyp- 
notic effect  follow  their  administration,  and,  in  place  of  convulsions, 
we  have  seen  that  they  produce  paralysis.  This,  indeed,  is  the 
only  marked  eymptom  that  follows  their  administnitiou,  and  it  ia 
apparent  that  it  does  not  depend  on  an  effect  on  the  muscles  uoi 
on  the  cerebral  lobes."  I^ey  conclude  that  it  is  due  to  an  action  on 
the  t«nuinationB  of  motor  nerves. 

These  conclnsiouB,  however,  as  we  shall  presently  show,  are 
drawn  from  experiments  made  with  very  large  dosee,  doses  which 
{especially  in  froga)  were  much  too  large  to  show  clearly  any  effects 
except  thoee  lesnUing  from  paralysis  of  motor  nerves.  Oui  experi- 
ments with  sulphate  of  methyl-codeium  have  shown  us  that  the 
addition  of  methyl  sulphate  to  codeine  does  not  alter  the  notion  of 
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the  latter  bo  materially  as  one  would  expect  from  the  deacription 
of  Crum  Blown  and  Fraaer. 

Codeiii^  as  we  have  already  seen,  besides  acting  on  the  brain  and 
spinal  cord,  exercises  a  coneiderable  depressant  power  on  motor  nerves. 
In  the  case  of  methyl-codeium  sulphate  the  depieaaant  action  on  the 
spinal  cord  and  motor  nerves  is  much  more  marked  and  occurs  with 
smaller  doses,  while  that  on  the  cerebnun  is  lessened.  Increase  of 
reflexes  also  occurs  after  methyl-codeium  sulphate.  With  small 
doses  this  increase  is  seen  only  after  about  24  hours  in  frogs,  while 
with  larger  doses  it  is  obscured  or  wholly  masked  by  the  paralysis 
of  motor  nerves.  If  the  motor  nerves  be  protected,  however,  by 
tying  the  blood-vessels  of  a  part,  and  the  alkaloid  be  thrown 
directly  into  the  circulation  so  as  to  reach  the  spinal  cord  at  once 
in  large  amount,  then  we  immediately  get  marked  tetanus,  just  as 
with  other  members  of  the  morphine  group. 

We  now  give  an  account  of  our  experiments  from  which  these 
conclusions  have  been  drawn. 

Frogs. — So  small  a  dose  as  I  milligramme  eubcutaneonsly  pro- 
duces well-marked  symptoms  of  depression  of  the  spinal  cord.  The 
motor  nerves  are  unaffected,  and  next  day  the  reflexes  are  slightly 
increased.     Sometimes  the  increase  of  reflexes  lasts  two  days. 

When  2-5  milligrammes  are  givan  the  same  symptoms  are  seso. 

Sxpt.  23.— Frog,  24  grms.    K.,  25  in  10  seconds. 

11.0. — 0*005  grm.  methyl-codeium  sulphate  subcutaneously. 

11.7.  — Much  less  active ;  movements  very  clumsy,  and  jumps  with 
difficulty.    R,  17. 

11.12. — Placed  on  back  cannot  recover  itself;  pupils  smolL 
R,  13. 

11.20. — Very  flaccid;  responds  if  pinched.     B.,  14. 

11.30, — Pupils  small ;  corneal  reflex  very  sluggish  ;  responds 
feebly  when  pinched.     H.,  10. 

11.45. — Same.  Sciatic  nerve  exposed  and  stimulated  at  220mm. 
(Du  Bois  Raymond  Coil)  gives  marked  contraction  of  muscles. 

12.30. — Quite  flaccid;  when  pinched  responds  by  feeble  move- 
ment of  legs.     Sciatic  nerve  excitable  at  220  mm. 

1.0. — Is  gradually  recovering. 

2.20. — Can  now  jump ;  no  increase  of  reflexes,  but  a  slight  dimi- 
nution stiU. 
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3.10. — AppMianca  and  attitade  normal.  ReBexea  are  very 
alightiy  increased. 

4.20. — Reflexes  increased. 

Next  day  tbere  was  etill  a  slight  increase  of  tlie  reflexes. 

When  such  a  doss  aa  1  centigramme  is  giren  the  motor  nerves 
are  much  depressed  in  excitability  but  seldom  completely  paralj^ed. 

£xpt.  21.— Frog,  28  grms.     R.,  23  in  10  seconds. 

12.50. — 001  methyl-codeium  sulphate subcutaneoosly. 

1.0. — General  paialysis  has  gradually  come  on.  CrawU  about 
with  great  difficulty.     R,  9. 

1.30. — Much  worse.  No  response  to  severe  pinching  of  toe. 
Both  sciatic  nerves  are  excitable  at  190  mm.  Electrodes  placed 
over  spine  anteriorly  (near  head)  cause  contraction  of  both  1^. 

2.0. — Sciatica  excitable  at  80  mm. 

3.0. — Has  recovered  somewhat.  Both  soiatice  excitable  at 
80  mm. 

4.30. — Can  now  jump  and  move  about. 

Next  day. — Slight  increase  in  reflexes. 

After  2  centigrammes  and  upwards  we  soon  get  complete 
paralysis  of  motor  nerves.  This,  however,  wears  off  very  soon, 
and  is  followed  by  increase  of  reflex  excitability  which  sometimes 
amounts  to  tetanus. 

Expt.  2B.— Frog,  28  grma. 

11.40.— 0-04  grm.  methyl-codeium  solphate  subcutaneously. 
-^    12.40. — Quite  flaccid.    On  stimulating  sciatic  nerves  with  strong 
current  the  muscles  did  not  respond.     Pupils  are  mere  slits. 

Second  day. — Still  very  flaccid.  Sciatica  slightly  excitable  to 
strong  current 

Third  day. — Reflesea  slightly  increased.  Sciatic  nerves  quite 
excitable. 

Fourth  to  eighth  day. — Reflexes  have  been  greatly  exaggerated. 

Ninth  day. — Tetanus  on  stimulation. 

Tenth  to  sixteenth  day. — The  reflex  increase  has  gradually  passed 
off. 

Twentieth  day.— Is  now  quite  recovered. 

The  amount  required  to  paralyse  motor  nerves  is  therefore  very 
large,  the  parolysia  soon  paaees  off,  and  as  soon  as  it  has  done  so 
the  increase  of  reflexes  can  be,  and  is,  manifested. 
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Small  doses,  or  large  doses  given  subcutaueoiiely,  always  dsptess 
the  cord  as  the  first  stage  of  their  action.  If,  however,  methyl- 
codeium  snlphate  in  sufficient  dose  (2  centigrammes)  be  injected 
directly  into  the  aorta  (after  protecting  the  motor  nenee)  we  get 
tetanus  at  once  without  any  preliminary  depressioa  of  reSexea. 

Five  centigrammes  is  the  usual  lethal  dose  for  a  frog.  This  is 
larger  than  the  lethal  dose  of  codeine,  but  smaller  amounts  of  it 
than  of  codeine  produce  physiological  notion.  It  may  therefore  be 
regarded  as  much  more  powerful  than  codeine  (in  frogs).  The 
reason  of  its  lethal  dose  being  so  large  probably  is  that  the  pamlysis 
of  the  motor  nerves  prevents  the  tetanic  spasms,  aud  thus  protects 
the  frog  from  the  exbaastion  consequent  on  convulsions. 

Sabbite. — Crum  Biown  and  Fraser  found  that  methyl^codeium 
sulphate  had  no  hypnotic  effect  on  rabbits.  This  is  haidly  the 
case,  however,  although  it  is  diminished  to  a  very  great  extent. 

Thus  the  large  dose  of  1  decigramme  had  almost  no  action  of  any 
kind  beyond  causing  slight  quietude. 

When  0*2  grm.  is  given  the  narcotic  action  is  well  marked,  and 
is  accompanied  by  a  certain  degree  of  increased  reflex.  There 
seemed  to  he  also  some  depression  of  the  motor  nerves  which 
obscured  the  symptoms  rather. 

Expt.  26.— Rabbit,  1170  grms. ;  H.,  28 ;  R.,  22  in  10  seconda 

2.46. — 0'2  methyl-codeinm  sulphate  subcntaneonsly. 

2.55. — Has  lain  down. 

3.O.— H.,  32 ;  R.,  17.     Veasels  of  ears  very  dilated. 

3.5. — Pupils  small,  chin  on  table,  drowsy. 

3.10. — H.,  29;  R.,  13.  Ears  same,  pupils  smaller,  lies  in  any 
position  in  which  it  is  placed.  Slight  touch  of  leg  causes  violent 
tetanic  jerk  of  whole  body.     Quite  sensitive  to  pain. 

3.16. — Lies  in  any  position ;  comoal  reflex  very  sluj^ish. 

3.30. — Has  been  lying  as  if  deeply  narcotised.  Pays  no  atten- 
tion to  slight  stimuli.  Increased  reflex  has  qnite  passed  o£  H., 
29 ;  R,  7.     Ko  sign  of  dyspnoea. 

3.46. — ^Rabbit  made  a  great  effort  and  sat  up.     Very  drowsy  and 

4.5.— H.,  26 ;  R.,  12.     Very  drowsy. 

Next  day.— Well 

Larger  doses  cause  death  from  paralysis  of  motor  nerves     Thna 
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after  0*3  grm.  a  rabbit  became  dioTsy,  had  marked  iacteaae  of 
leflexee,  and  died  in  56  minute*.  The  motor  nerves  weie  found  to 
be  paralysed. 

As  a  lesalt,  we  must  conclude  that  melhylcodetnm  sulphate  has 
the  Bune  qualitative  action  as  codeine  and  other  members  of  the 
moi^hine  group.  Its  quantitative  action  on  different  parts  of  the 
nervoua  aystem  is,  however,  not  the  same. 

Action  of  Methyl-codeium  Sulphate  on  Sabbits, 
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Very  alight  ouietude,  lasting  abont  2  hours. 
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what and  pupils  became  smaller. 
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Same  as  BxperimBnt  3. 

6 

IGflO 

0-8 
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DrowsiDesB  in  6  minutes,  pnpiU  became  small, 
respiratioQ  much  slowed,  refieies  iDcreaaed  on 

stimulatiaD,  and  aUa  gave  spoDtaneouB  tetanic 

sUrts.     Death  in  C5  miautes.     Heart   fonnd 

Methocodeine. 

This  substance  was  investigated  by  Grimauz,  who  named  it 
methocodeine,  and  also  by  Hesse,  who  describes  it  as  methylmoiphi- 
methin.  It  is  apparently  the  methyl  ether  of  methylmoiphiue ;  in 
other  worde,  it  is  codeine  iu  which  one  of  the  non-hydrozyl  atoms 
of  hydrogen  has  been  replaced  by  methyl.  It  is  formed  by  the 
action  of  caustic  potash  on  codeine  methiodide. 

CigHjiNOy  CHjI  +  KHO  -  Cn,Hi^NOa  +  KI  +  HjO. 

We  prepared  the  compound  by  the  following  method : — Morphine 
was  dissolved  with  an  equivalent  quantity  of  soda  in  purified  wood 
spirit,  and  an  equivalent  of  methyl  iodide  added.  The  solution 
was  then  warmed  for  half  an  hour,  allowed  to  cool,  a  second 
equivalent  of  methyl  iodide  and  of  soda  added,  and  the  solution 
again  heated.  The  spirit  was  then  evaporated,  water  added,  and 
the  solution  exhausted  with  chloroform.     The  chloroform  having 
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beea  driven  off,  the  residue  vas  treated  vith  hydrochloric  acid  in 
excess,  which  lapidlj  caused  ciystaUisation  of  the  hydrochloiate. 
The  crystals  were  pressed,  aad  purified  by  recrystallisation  from 
water  and  from  alcohol  So  obtaiued,  the  salt  was  nearly  free  from 
colour,  and  when  examined  under  the  microscope  the  crystals 
appeared  to  be  all  of  the  same  form. 

ChloTOplatinate  prepared  in  naual  manner,  dried  in  &ir-hath  at 
120°  C.  0-28  gnu.  gave  -0522  grm.  platinum,  which  is*  18-64  per 
cent. 

(CuHgjNOa.HCl)j,  PtCI^,  HjO=  18-65  per  cent  Platinum. 

A  quantity  of  the  hydrochloiate  was  purified  by  recrystallisatioD, 
and  a  chloroplatinste  prepared  from  the  purified  crystals. 

-309  grm.  (dried  at  100°  G.)  ignited,  gave  -057G  grtu.  Platinum, 
which  b  — 18-61  per  cent. 

As  from  these  results  the  chloroplatinate  appeared  to  contain  a 
molecule  of  water,  although  dried  at  120°,  a  portion  of  the  compound 
was  eicposed  in  the  air-bath  at  gradually  increasing  temperatures, 
hut  there  was  no  distinct  loss  of  weight  till  160°  was  reached,  at 
which  temperature  there  was  also  distinct  evidence  of  decompu- 

Seveial  determinations  of  the  chlorine  were  made  by  precipi- 
tation with  nitrate  of  silver  in  the  usual  way. 

(a.)  '469  of  the  hydrochloride  (dry  in  water-bath)  gave  -189 
AgCt-  -0467  CI,  which  iB-9'95  per  cent 

{b.)  '2485  grm. gave  -099  AgCl  =  -02449  grm.  Cl-9'86  per  cent 

(c.)  -595  grm.  gave -2403  AgCl=  05944  01  =  9-98  percent 

(d.)  ISlSgrm.  dry  at  140°,  gave -1822  grm.;  AgCl  =  "0450  grm. 
Cl-9-98  per  cent 

Mean  of  the  four  determinations  =  9'94. 

(C„HjsNOyHCl)a.HjO  =  9-90  per  cent  CI. 

The  alkaloid  itself  was  obtaiued  by  dissolving  the  hydrochloride 
in  water,  and  adding  slight  excess  of  ammonia.  A  viscous  piecipir 
tate  separated,  hut  after  standing  some  hours,  with  occasional 
stirring,  it  became  a  mass  of  small  prismatic  crystals.  These  were 
washed  with  cold  water  and  dried  in  the  air.  The  airdry  sub- 
stance lost  no  weight  in  the  watei-hath  or  at  120°  C.  When  the 
temperature  was  raised  to  near  135°,  the  substance  fused  and  dai^- 
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eoed  in  colour,  yet  the  loss  of  weight  was  only  a  fraction  of  a  per 
cent.,  whence  it  is  almost  certain  that  the  alkaloid  is  precipitated 
in  the  anhydrous  state. 

It  will  be  observed  that  the  chloroplatinate  and  the  hydrochloride 
appear  obstinately  to  retain  vater  in  the  proportion  of  one  molecule 
to  two  molecules  of  alkaloid ;  so  that,  so  far  as  our  results  go,  the 
alkaloid  may  have  the  composition  Cj^H^NjO^.  If  that  he  the 
case,  the  equation  above  noted  should  he — 

2C,gH„N0yCH,:  +  2KH0  =  G^B^^^^O^  +  2K1  +  H^O. 

Whether  the  water  is  merely  combined  as  hydrate,  or  has  become 
a  constituent  part  of  the  molecule  of  the  haae,  is  a  point  we  have 
not  had  opportunity  of  absolutely  determining ;  bat  the  pharma- 
cological reenlte  are  more  in  harmony  with  the  latter  theory. 

Phytiologieal  Action  of  Methoeodeiw. 

The  chemical  change  represenled  in  methocodeine  completely 
alters  the  action  characteristic  of  the  morphine  group — so  much  so, 
indeed,  that  points  of  similarity  are  hard  to  find.  The  distin- 
guishing features  of  morphine-poieoning  are  wholly  absent ;  there 
is  no  narcosis  and  no  tetanus.  The  symptoms  are  due  chiefly  to 
poisoning  of  the  muscles,  and,  to  a  leas  extent,  depression  of  the 
spinal  cord. 

In  OUT  experiments  we  used  the  hydrochlorate,  or  the  alkaloid 
dissolved  in  acetic  acid  and  water. 

Frogs. — A  dose  of  G  milligrammes  usually  had  very  little  action. 
The  animal  became  rather  leas  active,  but  as  a  rule  little  further 
change  was  observable. 

When  1  centigramme  was  given,  however,  the  frog  shortly 
became  sluggish,  there  was  depression  of  reflex  excitability  and 
poisoning  of  the  voluntary  muscles.  The  muscles  at  the  place  of 
injection  were  first  affected,  their  electric  excitability  gradually 
becoming  diminished  until  it  completely  diaappeored.  This  con- 
dition slowly  spread  to  all  the  other  voluntary  muscles.  A  similar 
mode  of  action  on  voluntary  muscle  has  been  observed  in  the  case 
of  caffeine,  benzoylecgonine,  and  a  number  of  other  alkaloids. 

The  following  experiment  shows  the  usual  course  of  poisoning 
after  1  centignunme : — 
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Expt.  27.— Frog,  37  gnus.    E.,  21  Id  10  BBConds. 

12.10. — 001  grm.  methocodeine  hydrochloride  into  abdomioAl 
cavity. 

12.20. — Has  become  much  less  active. 

12.30. — R,  14 ;  very  shallow.     Only  moves  if  pinched. 

12.50. — R.  ceased.  Lies  on  back  if  turned  over.  Draws  ap  leg 
if  severely  pinched. 

1.20 — Faint  response  if  severely  pinched.  Sciatic  nerves  excit- 
able to  very  weak  current. 

3.20. — Frog's  muscles  all  over  body  are  much  depressed  in  ini- 
tabUity.  Many  of  them  do  not  contract  when  stimulated  with 
strongest  electric  current,  others  only  very  feebly.  Motor  nerves 
BtiU  excitable,  for,  when  stimulated,  the  muscles  which  are  not  in 
complete  rigor  respond  faintly.  Heart  stopped.  Corneal  reflex 
still  present. 

In  many  cases  the  poisoning  of  the  muscles  took  place  more 
slowly,  death  occurring  only  after  some  days,  but  in  all  the  general 
symptoms  were  the  same. 

One  centigramme  proved  fatal  to  frogs  sooner  or  later.  With 
larger  doses  also  the  results  are  the  same. 

Expt.  28.— Frog,  28  grms.     B.  in  10  seconds,  23. 

12.10. — 0*025  grm.  under  skin  of  abdomen. 

13.25. — Has  become  mucli  depressed ;  moves  away  heavily  if 
pinched. 

1.0. — Lies  in  any  position ;  still  responds  to  severe  pinching. 

1.40. — Sciatic  nerves  excitable  to  very  weak  currents  (250  nun.). 

2.45. — Sciatica  same.  Muscles  of  abdominal  wall  and  left  thigh 
are  in  rigor  moHis  ;  other  muscles  contract  on  electric  etimulation. 

5.30. — Moscles  and  sciatic  nerves  much  diminished  in  electric 
irritability. 

Next  day. — Heart  stopped  in  mariced  systole ;  none  of  the  volun- 
taiy  muscles  contract  to  electric  stimulation. 

An  increase  of  reflexes  was  never  observed.  Direct  application 
of  a  solution  to  the  exposed  spinal  cord  or  injection  into  the  aorta 
depressed  the  reflexes  or  entirely  abolished  the  vitality  of  the  cord 
in  a  very  short  time. 

In  frogs  small  doaes  of  5  milligrommea  depress  the  power  and 
rate  of  the  heart. 
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RabUU. — On  rabbits  no  tiarcosis  was  ever  observed  and  no  trace 
(tfincTfiaaed  reflex.  The  alkaloid  seems  to  act  chiefly  as  a  muscle- 
poison,  and  to  produce  death  by  (gradually  poisoning  the  mnscleB. 
At  the  same  time  the  cord  is  somewhat  depiessed.  After  5  centi~ 
grammes  the  animal  showed  no  symptoms  except  slight  quietude. 

When  3-5  decigrammes  weregiven  to  small  rabbits  death  occurred 
after  a  longer  or  shorter  period  from  paralysis  of  muscles  of  respiration. 
If  the  alkaloid  be  injected  at  both  sides  of  the  thorax  the  respiratory 
muscles  are  quickly  paralysed  aad  death  soon  occurs,  but  if  injected 
into  the  thighs,  for  instancs,  death  is  considerably  delayed.  The 
mosclee  in  the  neighbourhood  of  the  injection  first  psse  into  a 
condition  of  rigor  mortis,  which  gradually  spreads  to  other  voluntary 
muscles-  The  urine  was  always  of  a  deep  emerald-green  colour, 
owing,  no  doubt,  to  some  green-coloured  product  from  dimethyl- 
morpbine  being  formed  in  the  body  and  excreted  by  the  kidneys. 

Apomorphine,  as  is  well  known,  also  tends  to  decompose  into  a 
green-coloured  substance,  snd  is  also  in  a  very  marked  degree  a 
muscle-poison.  Methocodeine,  however,  has  not  an  emetic  action. 
Even  large  doses  had  no  effect  on  dogs  beyond  restlessness  and 
anxiety.  Hamack  has  pointed  out  that  apomorphine,  although 
used  entirely  in  medicine  for  its  emetic  action,  is  essentially  a 
muscle-poison,  and  that  the  emesis  produced  by  it  is,  as  it  were,  an 
accidental  circumstance.  Its  oliemical  formula  is  C^Y^ii^'-^a.C''^'' 
is,  morphine  minus  HjO),  but  the  change  is  probably  much  more 
profound  than  the  removal  of  a  molecule  of  water  ;  and  there  is,  no 
doubt,  to  some  extent  a  rearrangement  of  the  morphine  molecule. 
Uethocodeine  probably  resembles  it  in  chemical  constitution,  just 
as  it  does  in  pharmacological  action. 

Morphine-Sviphwic  Acid. 
We  have  so  named  this  compound,  as  it  appears  to  be  morphine 
in  which  a  hydrogen  atom  is  replaced  by  the  radical  HSO3.  It  is 
described  by  Stoluikow  as  Morphin-alhersehive/elsdiire,  and  we 
exactly  followed  his  directions  in  its  preparation.  20  grms.  mor- 
phine and  8  grms.  caustic  potash  were  dissolved  in  35  cc.  water, 
and  to  the  solution  was  added  gradually  15  grms.  finely  powered 
pyrosulphate  of  potash.  After  12  houra  the  solution  was  dilated 
with  350  C.C  water,  and  filtered.     The  filtrate  is  rendered  faintly 
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acid  with  acetic  acid,  whennpon  the  morphin-dthersekwefelsaur. 
cryetallises  out,  while  acetate  of  morphiae  and  sulphate  of  potasb 
remain  dissolved.  The  precipitate  ia  purified  by  crystaltisation 
from  hot  water.  In  two  Buccassive  experimenta  we  obtained  a  very 
small  yield  of  material.  However,  it  was  sparingly  soluble,  did 
not  give  the  morphine  colour-reactions,  and  gave  a  conaiderable 
precipitate  when  warmed  with  barium  chloride  and  hydrochloric 
acid,  so  that  we  have  no  doubt  the  substance  was  practically  the 
same  thing  aa  obtuned  by  Stolnikow.  According  to  that  writer, 
the  reactions  which  take  place  in  the  formation  of  the  compound 
are  as  follows : — 

CijHigNOjHO  +  KHO  -  C„H,8N0jS:0  +  HjO  . 
C„H,8N0jK0  +■  K^Oj  =  CiiH,gNOyKO.SOj  +  K^O^ . 
C,iHiBN0j.KO.0.SOj+CjH40j-CiTHigN0a.0.S0,0H  + 

Phygiologieal  Action  of  Morphine-ndphitric  Add. 

The  only  experiments  on  the  action  of  this  substance  are  those 
of  Stolnikow.  He  attempts  to  prove  that  the  characteristic  action 
of  morphine  depends  on  the  phenol-like  hydroxyl  group  which 
it  contains,  and  contends  that  when  the  H.  of  this  hydroxyl 
is  substituted  by  an  alkyl  radical  another  physiologically  active 
element  is  introduced  into  the  molecule.  But  if  a  phyeiologicaUy 
inactive  substance  (such  aa  be  assumea  HSO3  to  be)  he  introduced, 
then  the  action  is  very  materially  altered. 

He  found  in  frogs  tiiat  doses  of  6  milligrammes  of  his  compound 
were  almost  inert,  but  that  after  3  to  5  times  this  dose  tetanus 
occurred  almost  at  once.  He  ranks  it  among  the  tetaniaing  group 
of  opium  alkaloids.  From  his  experiments  Stolnikow  concludes 
that  with  the  hydroxyl  group  (OH)  in  morphine  is  bound  up — (I) 
its  narcotic  properties,  its  property  of  acting  specially  and  chiefly 
on  the  cerebrum ;  (2)  its  poisonous  properties. 

Although  our  esperimonts  confirm  Stolnikow's  to  a  certain  extent, 
viz.,  that  the  activity  of  morphine  is  diminished  by  the  substitution 
of  HSO3  for  H.,  yet  it  is  not  diminished  to  anything  like  the  extent 
which  he  states,  nor  is  the  hydroxyl  group  so  important  a  constituent 
as  he  makes  out.  The  new  body  rotains  the  morphine  action-^^ 
narcotic  and  tetanic  stage — perfectly,  although  its  toxicilgr  i*  leas 
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than  that  of  morphine.  The  subeta&ce  is  pnicticall;  insoluble  in 
water  and  dilate  acids,  and  for  our  experiments  had  to  be  dissolred 
in  a  small  amount  caustic  Boda. 

Froga. — One  centigramme  caused  lethargy,  followed  by  an  increase 
in  reflexes.  When  the  dose  was  increased  to  2  centigrammes  the 
two  stages  became  rery  distinct,  and  tetanus  was  developed. 

£xpf,  29.— Frog^  33  gnna.     R.,  22  in  10  seconds. 

11.36. — 0*02  snbcutaneously  in  solution, 

11.40. — Heavy  and  sluggish. 

1 1.46. — Corneal  reflex  gone.    Will  not  lie  on  back. 

11.52. — Very  hea?y  and  sluggish;  jumps  very  abortive.  K,  15. 
Reflexes  are  gready  diminished. 

12.0. — R.  has  ceased.     Lies  in  any  position. 

13.30.— Reflexes  increased. 

12.40. — Gives  start  on  stimulation. 

2.30. — Almost  tetanus  on  stimulation. 

4.0. — Sama 

Xext  day. — Tetanus  on  stimulation. 

Larger  doses  vere  fatal ;  the  narcotic  stage  is  not  very  deep  and 
tetanus  soon  supervenes,  followed  by  exhaustion. 

Babbitt. — As  we  had  only  a  small  quantity  of  the  substance,  we 
made  only  four  experiments  on  rabbits.  The  result  showed  that 
its  narcotic  power  in  rabbits  is  very  much  lees  than  that  of  morphine. 
We  had  not  sufficient  to  test  its  tetanisiug  powra. 

The  experiments  are  given  in  the  following  table : — 

Action  of  Morphine  Sulphuric  Add  Ether  on  Bablnte. 


No. 

P 

DOHla 

1 
1 

»». 

3 
4 

1000 

1000 

1412 
1412 

0-02 

0-04 

0-06 
01 

0-oa 

0'04 

0-035 
0D7 

Scarcely  bdj  effect     Wu  n  little  qaiet«r  for 

from  IB  to  12  per  10  Becands. 
Was  distlBotly  lethargie  foe  3  hoort.  but  hardly 

amonnting  to  narcoak, 
Same  as  Experitnent  S. 
Wai  wach  quieter  for  3  boors.     Beapirvtion  fell 

from  1 S  to  e  per  10  ncouda.     Karootic  effect 

very  slight 

.Google 


370  Proceedinffs  of  Royal  Society  of  Edi-nimrgh.  [sbss. 

iV  •     Chlorocodide. 

We  first  tried  to  prepare  tfaia  compound  hj  the  action  of  strong 
bydrochloiic  acid  on  codeine,  after  the  manner  described  by  Wright- 
Tbe  solution  of  the  hydrochloride  was  precipitated  in  fractions,  bat 
each  of  the  fractions  gave  a  chloroptatinate  indicating  a  different 
molecular  weight ;  whence  it  was  conclnded  that  the  snbstance  was 
a  mixture,  a  fact  which  was  confirmed  by  the  physiological  experi- 
ments. We  then  tried  the  method  of  Oerichten.  135  grms.  of 
codeine  hydrate  was  dried  at  120°  and  mixed  with  10  grma.  of 
pentachloride  of  phosphorus ;  50  grms.  of  oxychloride  of  phosphorns 
was  then  ponied  over  the  mixture,  wheieon  a  violent  action  ensnacl. 
After  some  hours  the  clear  solution  was  diluted,  ammonia  added, 
and  the  precipitate  received  on  a  filter.  The  precipitate  was  washed, 
pressed,  and  dned  by  exposure  to  the  aii ;  then  dissolved  in  chloro- 
form, which  waa  left  to  evaporate.  On  adding  alcohol  to  the  residue, 
it  became  filled  with  crystals,  which  were  purified  by  pressure  and 
recrystallisation.  The  substance  so  obtained  yielded  a  chloro- 
platinate,  which  after  drying  in  exsiccator  lost  no  further  weight 
at  100'. 

•3195  grm.  gave  OSO  grm.  Pt.,  which  ia  =  18'77  per  cent 
(CuHj(,ClNOj.HCI)j.PtCl4-18-73  percent  Pt 

Pkynologkal  Action  of  Chlorocodide. 

Gee  has  previously  made  a  few  experiments  with  this  sub- 
stance. He  gave  9}  grains  in  divided  doses  to  a  cat,  which 
ultimately  died  in  convulsions,  the  chief  symptoms  being  salivation, 
dilatation  of  the  pupils,  restlessness,  and  a  mixture  of  tetanus  and 
paialyslB.  Consciousness  was  unaffected.  In  Gee's  opinion,  the 
action  is  exactly  like  that  of  codeine.  A  dose  of  ^  grain  per  os, 
and  subcutaneously  in  man,  had  no  effect. 

For  OUT  experiments  we  used  a  neutral  solution  in  acetic  acid  and 
water. 

Fi-oga. — One  milligramme  caused  in  frags  sluggishness  and  de- 
pression of  reflexes,  followed  by  on  increase  of  lefiexes.  With 
loT^r  doses  the  exhaustion  (or  depression)  accompanying  or  follow- 
ing the  tetanus  was  extremely  marked  at  first,  but  gradually  passed 
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of^  leaving  only  tetanus.  The  eame  thing  has  bean  noted  as  occul- 
ting with  morphine. 

The  foUoiring  experiment  will  serve  as  an  example : — 

Ea^t.  30.— Frog,  27  grms. 

1.80. — 0  0  05  chloTOCodide  subcutaneously, 

2.0. — Fapila  very  email ;  respiration  ceased ;  reflexes  dull  Lies 
on  back  if  turned  over,  struggles  if  pinched. 

2.7. — Spinal  reflexes  now  a  good  deal  increased ;  no  corneal 
refiexea. 

2.10. — Least  touch  causee  violent  jerk,  but  frog  liea  quite  ex- 
hausted and  flaccid  after  it     Pupils  ate  mere  elite. 

3.30— Same. 

5.30. — Gives  faint  tetanic  jerk  when  stimulated. 

Second  day. — Reflexes  greatly  increased. 

Third  day. — Greater  increase  reflexes. 

Fourth  day. — In  violent  tetanua. 

When  a  larger  dose,  such  as  1  centigramme,  was  given,  there  was 
great  depression  of  the  cord,  so  much  so  that  only  a  faint  indication 
of  the  tendency  to  tetanus  was  observable  in  many  cases,  although 
in  others  it  was  well  marked.  One  centigramme  by  the  mouth 
caused  well-marked  but  not  extreme  depreesioD,  followed  ehortly  by 
tetanus. 

Two  centigrammes  iqject«d  into  the  aorta  produced  tetenus  at 
once. 

The  paralysing  effect  of  chlorocodide  on  motor  nerves  is  about 
equal  to  that  of  codeine ;  15  milligrammes  injected  into  the  iliac 
artery  destroyed  the  electric  excitability  of  the  sciatic  nerve  in  a 
few  minutes. 

So  far  the  action  of  chlorocodide  closely  resembles  that  of  codeine, 
but  is  more  depressing  to  the  spinal  cord.  In  addition,  however,  it 
is  a  very  decided  muscle-poison.  When  ii^ected  subcutaneously 
the  muscles  in  the  immediate  neighbourhood  very  soon  become 
poisoned  and  cease  to  respond  to  electric  stimuli,  while  those  at  a 
distance  seem  to  be  little  aflected. 

The  heart  also  is  very  much  depressed. 

In  frogs  1  centigramme  sooner  or  later  proves  fatsL 

Sabbits. — ^In  rabbits  doses  of  2-6  centigrammes  caused  marked 
weakness  in  legs,  depression  of  the  spinal  cotd,  slow  and  weaker 
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action  of  the  heart,  and  a  great  inclination  to  lie  down.  There  was 
no  narcosis. 

When  larger  dosea,  np  to  1  decigiamme,  are  ^ven,  the  depreuioQ 
of  the  spinal  cord  is  extreme,  but  tbeio  is  also  a  tendency  to  tetanic 
jerking.  The  symptoms  are  exactly  oe  if  a  spinal  atimnlant  and 
depressant  had  been  given  together. 

When  still  larger  doses  are  given  tetanue  of  a  very  decided 
character  is  eeen,  but  towarde  the  end  of  the  poisoning  becomes  very 
feeble  owing  to  the  marked  weakness  of  the  whole  muscular  Eystem. 

The  following  eipeiiments  show  the  action  of  large  doses: — 

Expt.  31.— Kahbit,  1800  gnns. 

12.5 —  0'15  grm.  chlorocodide  snbcutaDeoasly. 

12.12.— Legs  weak,  gait  affected. 

12.14. — Cannot  walk ;  occasionally  gives  slight  starL 

12.16. — Tetanic  attack  with  opisthotonos. 

12.18. — Clonic  spasms. 

13.35. — Has  had  frequent  clonic  spasms  not  amounting  to 
tetanue. 

1.10. — Increased  reflex  passing  off;  legs  very  weak;  has  to  lie 
down. 

3.0. — Is  recovering ;  can  drag  itself  abcnt. 

4.20.— Nearly  well. 

Expt.  32.— Rabbit,  1760  grms. 

11.44. — 0'2  grm.  chlorocodide  snbcntaneoasly. 

1 1 .  46.  —Slight  tetanus ;  can  atill  walk. 

11.64. — Severe  tetanus,  succeeded  by  very  great  flaccidity  and 
depression. 

11.59. — Lying  flaccid,  and  evidently  enffering  from  mnacalar 
weakness.    Occasionally  gives  a  slight  start. 

12.15.— Same. 

12.40. — Has  frequent  clonus  of  head;  the  rest  of  body  less 


12.55. — Tendency  to  spasm  much  greater.  The  jerkings  are 
almost  continuous.    Had  one  severe  tetanic  spasm  with  opisthotonos. 

1.55. — Has  been  in  almost  continuous  clonic  spasms. 

2.50.— Died  quietly. 

Postmortem  immediately. — Heart  stopped ;  not  excitable  to  electric 
stimulation ;  peristalsiB  good ;  the  volnntaiy  maecles  all  orer  the 
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body  eontnct  very  eligfatly  to  etrong  electric  cun«iita,  and  eren  this 
ieebla  amount  of  contraction  disappeared  in  about  five  minutea. 

Ghlorocodide  tfaeiefore  partakes  partly  of  the  action  of  codeine 
and  p^iy  of  tiie  actum  of  apomoiphine. 

TrichloromoTphide. 

Tbeie  do  not  appear  to  be  any  published  reaulta  giving  experi- 
ments on  the  action  of  phoephoms  pentachloride  or  oxychloride  on 
morphine.  When  anhydrous  morphine  and  phosphorus  penta- 
chloride are  mixed  and  heated,  there  is  evidently  some  action  ;  but 
we  conld  not  obtain  in  this  way  any  considerable  amount  of  materia] 
other  than  morphine,  or  possibly  one  of  the  polymerised  morphine 
bodies  described  by  Wright.  It  was  impossible  to  try  any  experi- 
ment on  a  solution  of  morphine^  as  there  is  no  knovn  solvent  for 
that  alkaloid  which  is  not  at  once  attacked  by  the  pentachloride. 
We  therefore  adopted  the  method  used  by  Gerichten  for  the  pra- 
paration  of  chlorocodide.  13  grms.  anhydrous  morphine  and  17 
gnus,  phosphorus  pentachloride  were  mixed,  and  several  grms.  of 
oxychloride  of  phosphorus  poured  over  the  mixture.  The  mixtare 
was  left  for  some  hours,  with  occasional  agitation,  until  solution 
was  complete.  It  was  then  diluted  with  water,  and  ammonia  added. 
The  precipitate  so  obtained  was  slightly  washed,  dried,  and  treated 
with  chloroform.  On  evaporation  the  chloroform  left  a  non- 
crystalline residue,  from  which  a  platinum  salt  was  prepared  Of 
this  compound  -091  grm.  gave  0-16  grm.  Pt.  =  17'68  per  cent 
The  portion  of  the  precipitate  undissolved  by  the  chloroform  was 
treated  with  boiling  alcohol,  which  on  evaporation  left  a  partially 
crystalline  coloured  residue.  This  yielded  a  chloroplatinate  of  which 
■1575  grm.  gave  -0276  grm,  Pt=17'45  per  cent 

(C„H,bC18N0)s-  Pt  H,  Clo=  17-43  per  cent  Pt 

It  would  be  too  much  to  assume  that  that  is  certainly  the  com- 
position of  the  substance  obtained,  as  it  is  quite  conceivably  a  mix- 
ture. We  anticipated  that  the  two  hydroxyla  would  be  replaced  by 
chlorine  atoms,  but  the  chlorination  seems  to  have  gone  farther. 
As  from  the  formation  of  methocodeine,  there  appears  to  be  in  the 
morphine  molecule  a  non-hydrozyl  hydrogen  atom  which  is  more 
readily  replaced  than  the  others,  it  has  possibly  in  the  compound 
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under  consideration  been  replaced  by  chlorine.  However  tliat  may 
be,  we  regard  the  physiological  results  obtained  with  this  substance 
as  of  considerable  value,  as  they  iodicate  the  general  modification 
in  the  action  of  morphine  caosed  by  the  substitution  of  chlorine 
for  the  hydioxyl  groups. 

Fhygiologieal  Action  of  TTieMoromorphide. 

Frogs. — Trichloromorphide  acts  primarily  on  the  central  nerrous 
system,  causing  depression  of  the  spinal  cord,  followed  by  tetsnua. 
It  has,  however,  even  in  moderate  doses,  a  marked  paralysing  effect 
on  motor  nerves:,  which  tends  to  obscure  the  tetanus  while  it  lasts. 
The  paralysis  is,  however,  somewhat  slow  in  appearing,  and  soon 
wears  off^  usually  leaving  the  animal  in  violent  spasm.  In  addition, 
trichloromorphide  has  some  slight  action  as  a  muscle-poison. 

The  followiug  experiments  show  its  action  in  all  these  respects: — 

Hxpt.  33.— Frog,  30  grms. 

12.8 — 0-005.  grm.  trichloromorphide  Bubeutaueonsly. 

12.12. — ^Reflexes  slightly  diminished, 

12.15. — Beflexes  very  distinctly  depressed,  but  frc^  etill  moving 
about. 

12.20. — Slu^sh ;  lies  on  back ;  pnpile  smalL  Be&exes  slightly 
increased. 

12.26. — Slightest  touch  causes  violent  start 

12. 30. ^Spontaneous  tetanus,  followed  by  groat  flaccidity. 
Slightest  touch  brings  on  tetanus. 

1Z37. — Now  gives  a  mere  twitch  on  stimulation. 

12.42. — No  response  on  stimulation.  Sciatic  nerves  inexcltable 
to  strong  electric  current. 

Second  day.— In  violent  tetanus. 

Third  to  fifth  day.— In  tetanns. 

Sixth  day.— Dead. 

If  the  sciatic  nerve  of  one  leg  be  protected  by  tying  the  femoral 
arteiy,  and  5  milligrms.  be  given,  the  protected  nerve  is  not  paralysed 
while  all  the  others  are. 

E^t.  34.— Frog,  30  grms. 

12.46 — 0-01  grm.  trichloromorphide  Btibcutaneonaly  under  skin 
of  back. 

12.68. — Has  gradually  become  deeply  panlysed. 


.Google 


lsS9-»0.]      Mr  Dott  and  Dr  Stockman  on  Morphine.  375 

1. 10. — Slight  incieasB  in  reflexes. 

1.20, — Reflexes  greatl;  increased. 

1.46. — Motor  netres  much  depresaed  in  excitability.  Reflex 
increase  can  scarcely  be  manifested. 

2.15. — Motor  oeires  paralyaed, 

3.0. — Muscles  of  back  paralysed  and  not  excitable  to  inteirtipted 
canent ;  other  muscles  of  body  excitable ;  heart  still  beating. 

RahbiU. — In  rabbits  1-4  centigrammee  caused  slight  narcosis, 
and  very  slight  tendency  to  increased  leflexee.  ReapJiaUon 
diminished  greatly  in  frequency,  and  the  heart  slightly. 

Doses  of  from  8-25  centigrammes  caused  raiying  degrees  of 
increaaed  reflex  without  marked  narcosis.  The  larger  the  doee  the 
less  tendency  there  was  to  narcosis,  bot  the  more  to  paralysis  of 
motor  nerres  with  consequent  paresis  and  depression. 

Expt.  35.— Rabbit,  1635  grms.     H.,  32  ;  R.,  22  in  10  seconds. 

11.60. — 0'26  trichlocomorphidesuboutaneotuly. 

11.56. — Has  Iain  down.     R,,  7;  H.,  31.     Ears  very  hypertemic. 

12.0. — L^  very  weak;  slight  increase  in  reflexes,  R,  30; 
B,,  7.     Pupils  larger, 

12.5. — Reflexes  markedly  increased,  but  there  is  also  very  con- 
siderable paralysis.     Pupils  widely  dilated, 

12.12,— SUght  tetanic  attack. 

12.35. — Lying  on  beUy;  every  few  seconds  gives  a  spasmodic 
twitch.     R.,  7. 

2,50. — Has  been  much  in  same  condition.  There  has  been  no 
narcosis. 

S.O. — The  increase  of  reflexes  is  wearing  ofT,  but  there  is  still 
great  depression, 

7.0. — Increased  reflex  gone. 

8.0. — Still  great  depression. 

Next  day  was  quite  well. 

In  this  experiment,  as  in  others  with  large  doses,  it  was  evident 
that  the  partial  paralysis  of  the  motor  nerves  prevents  the  full 
manifestation  of  the  tetanus,  and  probably  thereby  prevents  death 
from  convulsions. 

The  action  of  tricfaloromorphide  resembles  qualitatively  that  of  the 
other  morphine  derivatives ;  its  action  on  motor  nerves  is  markedly 
paralysing,  and  it  is  in  addition  a  not  very  powerful  musde  poison. 
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JTOrosomOTyAinc— C„Hi8(N0)N0g.Hp. 

This  compound  was  prepared  by  £.  L.  Mayer  by  passing  nitrous 
fames  (prepared  by  action  of  nitric  acid  on  areenioua  acid)  into  a 
solution  of  morphine.  The  composition  indicated  is  the  same  as 
that  of  morphine  nitrite,  and  there  seems  to  be  some  little  doubt 
as  to  the  purity  of  the  substance. 

PhyticHogiad  Action  of  Nitrosomorphtne. 

Nitrosomorphine  is  a  veiy  insoluble  substance,  and  we  bad 
difficulty  in  getting  a  proper  solution  for  subcutaneous  injection  in 
frogs.  We  tberefoce  gave  it  by  the  mouth  in  substance.  When 
0*015  grm.  was  so  given,  the  animal  gradually  developed  a  narcotic 
condition,  followed  in  due  time  by  increase  of  reflexes  and  tetanus. 

In  rabbits  4  or  fi  centigrammes  subcutaneously  caused  light 
narcosis,  lasting  four  or  five  hours.  We  found  it  difficult  to  give 
larger  dosee. 

These  experiments,  although  not  veiy  satisfactory,  show  that 
nitrosomorphine  has  the  same  qualitative  effect  as  morphine. 

Fhysioloffieal  Action  of  some  o(Ser  Moraine  Derivatives. 
C.  R  A.  Wright  prepared  a  number  of  morphine  derivatives 
which  were  examined  by  M.  Foster  and  by  R.  Stocker. 

Z»eaEymt.rp?*»o.— (c„H,9N0j{C„H,jN0  (J^) . 

Dem/eodeia. — Ci8Hji,N0j. 

With  these  eubetancea  Foster  found  that  6  centigrammes  caused 
in  cats  excitement,  while  1  decigramme  caused  convulsions  and 
excitement 

Brofnaietramorphia. — CggH.gBrK^Ou  (i  molecules  of  morphine 
coalesced  together  and  one  H.  replaced  by  Br.). 

Bromotetracodeia.  — C  jjHgjBrN^Oi  j. 

Chhrotetracodeia.—CT^^C'^ fiir 

These  all  acted  in  same  way.    The  hydrocblorates  were  nsed. 

In  cats  1  decigramme  caused  excitement  and  symptoms  similar 
to  morphine.  In  rabbits  the  same  amount  caused  only  slight 
excitement. 

Stocker  experimented  with  dieodeia  (2   molecules  of  codeine 


...Google 


isw-9a]     Mr  Dott  and  Dr  Stockman  on.  Morphine.  377 

coalesced  farther),  tricodeia  and  tetracodeia,  on  cats  and  dogs. 
These  all  had  a  veiy  eimilar  action  to  codeina 

The  snbstaDces  CggHgjIN^O^o.JHI  from  codeine  and 
CjgHjjIjN^Ojo-lHI  from  codeine  and  morphine  in  doses  of  1-S 
decignmmes  had  little  effect  beyond  causing  looBeneas  of  the  bowels 

The  experiments  are  not  sufficient  to  enable  us  to  determine  the 
action  of  these  Babstances  beyond  eajiug  that  they  have  a  generic 
lesemblance  to  morphine  and  codeine. 

Oxydimorphin. — C^jH^^^jOg  (2  molecnles  of  moTphine  minus 
2H).     This  is  the  oxymorphine  (Cj^HigNO^)  of  Schiitzenberger. 

Accoiding  to  Dledrich  this  flubatance  baa  no  narcotic  action. 
It  weakens  the  heart  and  causes  diairhcea  and  vomiting.  The 
emesis  occun  after  subcutaneous  injection,  and,  according  to  Died- 
rich,  is  due  to  an  action  on  the  medulla.  Its  frequent  intravenous 
administration  caused  changes  in  the  gastric  mucoaa,  hyperatmia, 
swelling,  and  ulceration.  Probably,  therefore,  it  ia  excreted  from 
the  blood  into  the  stomach  and  bowel,  and  by  its  local  irritation 
acts  as  an  emetic  and  purgative  reflexly  through  the  vagns. 

Nothing  is  known  aa  to  ita  conetituticm,  but  it  is  probably  allied 
to  apomorphine  more  closely  than  to  morphine. 

Marm^  and  Diedricb  express  the  opinion  that  morphine  ia 
converted  into  oxydimorphiue  in  the  blood,  and  hence  its  frequent 
nauseating  and  pnrgaliTe  effects  when  given  subcntaneously.  It  ia 
more  probable,  however,  that  the  excretion  of  morphine  into  the 
atomach  (Alt)  causes  these  symptoms  independently  of  any  chemical 


SomABY. 

T.  The  inethyl  (codeine),  ethyl  (codethyline),  and  amyl  ethers  of 
morphine  form  a  group  of  substances  having  exactly  similar  actions. 
In  all  the  same  hydrc^en  atom  has  been  replaced  in  morphine  by  an 
alkyl  radical ;  they  are  therefore  substitution  derivatives.  It  seems 
to  be  a  matter  of  indifference  which  radical  ia  introduced,  so  long  as 
it  replaces  the  same  hydrogen  atom  in  morphine.  In  all  the  narcotic 
action  of  morphine  is  much  diminished,  the  tetaniaing  action  and  the 
paralyaing  action  on  motor  nervea  are  increased,  while  the  lethal  dose 
(on  account  of  the  greater  tendency  to  conTuIMons)  ia  much  smaller. 
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The  action  is,  however,  of  eseentiallf  \ha  game  natQie  as  ihe 
morphiiie  action ;  the  sama  parts  of  the  central  uervone  syatem  aie 
affected,  and  in  the  same  waj  as  b;  morphine,  but  not  in  the  same 
d^iee. 

This  is  what  one  would  «xpect  from  chemical  considerations,  for 
in  making  these  substances  no  profound  change  has  been  effected 
in  the  morphine  molecule,  bat  simply  an  alkyl  ladical  has  been  intro- 
duced into  one  of  the  outlying  groups  which  compose  IL 

II.  Acetyl-,  diacetyl-,  benzoyl-,  and  dibenzoyl-morphine  foim  a 
group  of  aubstauces  having  exactly  similar  actions.  In  them  one 
or  both  of  the  hydroxy!  hydrogens  of  morphine  have  been  leplaced 
by  an  acid  radical 

Comparing  them  with  moTphine,  their  action  is  the  same  in  kind 
but  differs  in  degree.  Their  tetanising  power  is  much  greater,  while 
their  narcotic  action,  although  visible  after  smaller  dosea,  is  not  nearly 
so  profound.  Increase  of  dose,  instead  of  deepening  the  nareoais, 
brings  on  tetanus. 

Comparing  them  with  codeine,  they  induce  an  equal  narcotic 
effect  (rabbits)  with  about  one-tenth  of  the  dose,  while  a  dose  about 
three  times  larger  is  neceaaaiy  to  induce  tetanus.  Their  depressing 
action  on  motor  nerves  is  about  the  same. 

It  seems  quite  indifferent  which  radical  is  introduced,  and  whether 
one  or  both  of  the  hydroxyl  hydrogens  are  replaced.  Just  as  with 
codeine  and  its  analogues,  no  great  change  has  been  made  in  the 
morphine  molecule,  but  simply  in  the  outlying  hydioXyl  groups. 

UI.  In  morphine-aulphuricacidandnitroso-morphine  the  radicals 
HSOg  and  "SO  replace  the  hj>droxyl  hydrogen  atoms,  and  the  action 
is  modified  much  in  the  same  way  as  by  the  introduction  of  other 
acidiadicala  (II-). 

IV.  ChloTocodide  and  Trichloromorphide  are  chlorine  derivatives ; 
in  the  former  CI  replaces  the  OH  of  codeine,  while  in  the  latter  both 
hydroxyl  groups,  and  in  addition  one  H  atom  of  morphine,  have  been 
replaced  by  3  CL 

They  retain  the  chai&cteristic  actions  of  morphine  on  the  nervous 
syetom,  but  are  in  addition  marked  muscle  poisons. 

V.  In  metho-codeine  two  methyl  molecules  have  beoi  introduced 
into  morphine,  one  of  which  replaces  a  hydroxyl  hydrogen  atom, 
while  the  other  replaces  an  H  in  the  body  of  the  moiphine  molecnle. 
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This  completfily  alters  the  cbaracter  of  the  action,  as  metho-codeine 
has  the  action  of  a  mOBcle  poison  (like  apomorphine). 

VI.  Methflmotpbium  chloride  and  methylcodeium  sulphate  are 
addition  products,  formed  by  adding  on  methyl  chloride  and  methyl 
sulphate  respectivelf  to  the  iotact  morphine  oi  codeine  molecule. 
The  action  is  not  profoundly  alteied  by  the  chemical  change. 

The  paralysing  action  on  motor  nerres  is  consideiably  increased, 
and  the  narcotic  action  is  lessened,  but  qualitatively  the  effects  on 
the  animal  organism  remain  similar  to  those  of  morphine  or  codeine. 

The  chemical  change  made  in  the  intimate  structure  of  the  mor- 
phine molecule  has  not  been  profound ;  there  has  been  simply  the 
addition  of  a  radical,  and  hence  one  would  scarcely  expect  the  action 
to  be  much  altered. 

VIL  Other  morphine  and  codeine  derivatives  which  have  been 
examined  by  other  investigators  seem  to  retain  essentially  the  mor- 
phine action. 

With  regard  to  morphine,  it  seema  certain  that  so  long  as 
the  chemical  changes  are  restricted  to  what  may  be  called 
the  outlying  groups  of  the  molecule,  very  little  alteration 
takes  place  in  the  physiological  action. 

The  change  which  does  take  place  does  not  depend  bo 
much  on  the  substituting  body,  as  on  what  part  of  the  mole- 
cule is  substituted. 

When  a  change  is  made  in  the  kernel  or  groundwork  of  the 
molecule,  then  the  action  is  much  more  profoundly  altered. 

LUeraiure  of  Mnrpkitit  and  itt  DenvaiiveB. 

We  do  not  include  in  this  list  papers  which  ate  of  purely  toxi- 
cological  or  therapeutical  interest  Certain  writers  have  already 
published  a  considerable  portion  of  the  morphine  litetature,  and  as 
their  papers  are  easily  accessible  to  scientific  workers  we  do  not 
enumerate  here  the  papers  which  they  mention. 

Alt,  Berli*.  lai*.  ffoehauehr.,  p.  GSO,  18SS,  "  Unteniicliiuigsii  iiber  die  Adi- 
Bctieidung  des  inbciitan-iDjecirten  Horphm  durch  den  M*gen." 

BiNZ,  Anhivf.  eapt.  Falh.  and  Fharmak.,  vL  SIO,  1S77,  " Znr Wlrkangs- 
weiM  Bchlofmachender  StoCTH."  Deuiteie  Mtd.  WoehmMkr.,  pp.  61fi, 
637,  1S79  ;  p.  149,  1880,  "  Uebei  den  arterielleu  Dmck  bei  MorphiDm- 
vergiftiuig." 
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BocHiFONTAiNE,  Comftts  Rmdua,  iciiL  743,  1881,  "SDrl'&ctionphjriologiqiie 

deUcodJthjline." 
BoDCBCT,  Cornea  Btndut,  Ixiit.  1289,  1S72,  "Bechenhea  mx  I'actioti  Aea 

buei  tii4eB  de  I'opinm,  &c" 
BftoWH  AHD  FzA8Eit,  Tratu.  Roy.  Soe.  Biin.,  xzv.  1,  1888-9,  "  On  the  Cod- 

nectdon  between  Chemical  CooBtitution  and  Phjeiological  Action." 
Brcnton  akd  Casb,  Obi.  f.  d.  med.   JVUi.,   p.    241,  1688,    "Teinpentnr- 

erniedrigende  Wirkang  des  Morpbin  aof  Tsaben. 
Calvbt,  &iai  tuT  U  morphinUmc  aigu,  Fsris,  1877. 
Cakus,  OaxtOe  ffebdomadairt,  p.  4S8,  1865,  "  BecbercheB  eip^.  sur  i'ontago- 

nisme  de  ropinin  «t  de  it,  btlladonne." 
CoHViSRiON  Bhit.  Hkd.  AfiBOC.,  BtU.  Med,  Joar.,  ii.  483,  1674,   "On  the 

Antagonism  of  Medicines," 
Dbovisb,   Dupdy,  and  Lbceet,  Jtneferefea  a  BxpirUnees  Bar  lea  effeti  dt 

rAc&ate  de  tforphin^  Pane,  1824. 
DiEDBiCH,  l/eber  OT^dimorphin,  Inaug  Dias.,  Giittingen,  1883. 
DiKTL  AND  VisTBCHOAti,  FjOgej't  Arehw,  ivL  316,  1878,   "  Das  Verhalton 

der  pbysiologischeu  Reacdonszelt  unter  dem  Einflnas  von  Horphium, 

CaJfein,  und  'Wein. 
EoKHAaD,  Beitrdge  air  Anal,  and  Fhynal.,  viii.  77,  187E>,  "Ut;ber  den  Mor- 

phiura-diabettia  "  (givea  literature  of  morphine  diabatea). 
Falck,  Tosciaiiogiadie  Sludien,  tieber  daa  Sydroeotamin,  lusug.  Disa.,  Mar- 
burg, 1872. 
FiLEHNB,  Archivf.  expt.PaHi.  andFharmaJc.,1.  442,  zl  45, 1B80,  "Ueberdie 

Einnirkung  des  Horphins  aof  die  Athmung,"  Berlinklin.  WoAetuAr., 

1887. 
FosTEB,  Proe.  Roy.  Sac.,  rix.  1870-1. 
FbOhlich,  Boabaeh's  Pharmak.  UnUrmeJatngen,  i.  ISA,  1873,  "  Beitiiige  lur 

Lehro  von  dem  phyaiol.  AntBgonismas  iu  der  Wirkuug  der  Gifte." 
FB.OHMDLLK&,   KUtii»Ju  Sludien.  der  narkoKtchen  Araieimiael,   Erlaugen, 

1869. 
FUBiHi,  Cbl.  /.   die  mtd.     Win.,  p.  773,  1880,   "  Ueber  den  Einfloss  der 

nichtjgeten  Opium -alcaloide  auf  die  Mange   des  toq  Mensr.hen   in  24 

Stnndenauageachiedenen  KorastoBs."    Ibid.,-^  579,1882,  "Einfluseder 

elec.   Inditctians-etrdme,  &c.,  auf  die  Qeachnindigkeit  der  Beiregnngen 

des  DiinndarmK." 
Oek,  si  BarOuilomevi's  Hasp.  B^orta,  y.  216,  186P,  "  Note  upon  Apomorphia 

and  Chlorocodide. " 
Obasset  a;<d  Ahblabd,    CompUs  Beadua,   zciii.  878,   13S1,  "De  I'actioD 

convulsivinte  de  la  Morphine  chez  lea  Maminiferes." 
Hbdbaob,  Arehiv  f.  expt.  Path.,  viii.  31,  187S,   "AntegODismas  Ewiscben 

Morpbin  und  Atropin." 
Kbaqe,   Ueitr  AUmmimarU  and  Olycoturie  vach  Xorphium,  laaog.  Di«a., 

Greifawald,  1878. 
Landsbbro,  i'jlfljer'a  AnAiv.  iiiiL  113,  1880,   "  Unteranchungen  iiber  daa 

Schicksal  dea  Horpbina  im  lebenden  Organiamua." 
Lbgo,  StBartt.  Botp.  Beporia,  tL  97,  1870,   "ObBerrationa  on  the  phyaiol. 

Action  of  Apocodeia,  kc" 
Lbnhabtz,  Arvhiv  f.  expL  Path,  and  Pharmak.,  ixiu  3SS,  1887,  "  Ezper. 

Beitrogezur  Eenntnias  der  acnten  Morpbinrergiftung  und  dea  Anlagonia- 

tniu  zwiscben  Morphin  and  Atropiu." 
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Letinbtbin,  Die  MorpKiummcht,  Berlin,  1877.     Translated  by  Chu.  Barter, 

LoDdon,  1S78. 
9f  ASM^  DeuL  Med.  WoAeiaehr.,  p.  167,  1883,  "UntersnchaiiKon  znr  acnton 

mod  chromiscliea  MorphlnTergiltuDg  "  (M.  found  in  iirine  ud  fsce«). 
MumrtZEK,  lyUlger'i  Arehiv,  viL   201,  1873,   "  Ueber  den   Einflaas  einiger 

Snbstanzeii  auf  die  Befleierregbarkait  dm  BiickenmarkB." 
IfAMB,  Seilr&ge  hut  Phyriologie  der  Darmievregv/ng,  Leipzig,  ISflS. 
KoTHHAOEi,   KiTvAoui'j  AnJiiv,   Izixii.   1,  1682,    "UetKT  die  Einwirkung 

dm  Horphin  anf  den  Darm." 
Qtt,  Joum.  tff  ifenlai  and  Ifemoue  Diteaeea,  Chicago,  1878,  "  Action  of  the 

Alkaloids  of  Opium." 
PiCABD,  Comptes  Send.,  Iiiivl  1114,  1878,  "Sur  I'aDtion  de  U  morphiue 

cbei  lea  chiens." 
PlEBCB,  PraOUioner,  ii,   i37,  J876,    "On   tie  Phyi,  Action  of  some  new 

Morphine  and  Codeine  Derivative*," 
PRBiaRNDORFRH,  Doittche.  Arckiva  f.  klin.  Med.,  xit.  40, 1880,  "Zar  Lehre 

Ton  der  Wirknng  der  Narkatika." 
fiABirrEAir,    Camptet  Bend.,   Izziv.    1109,   1872,    "fiecberchea  anr  lea  pro- 

pri^t^  de  divera  principea  immMiats  de  I'opium." 
Rabotbad  ST  pAPiiiOH,  CampU$  Send.,  liiTii  1870,  1873,  "  ObserrationB 

toDchant  Taction  de  oertainea  Babatancea  toiiques  but  leg  poisaona   da 

ScBEOEDBS,  ^T^iV/  ezpt.  Fath.,x<ii\.  96,  1883,  "nnteranchongen  iiber  die 

pbarmakologiBcbe  Gruppe  den  Horphina." 
SroCEBn,  Proc  Eoy.  Soe.,  u.  1871-2. 
Stolkikow,  Ztiehr.  f.  phyi.  Ckemie,  viii   2SS,  1884,  "TJeber  die  Bedentnng 

der  HydroijlgTuppe  in  einigen  Giften  "  (givea  literatnra  regarding  excre- 
tion of  morphine  in  tirine). 
Tauber,  Arehiv/.  expL  Folk.,  zzvii.  386,  1890,  "Ueber  das  Schickaal  dea 

Morphins  in  theiriachen  Oiganisniaa  "  (literature). 
Vdlpian,   Comptes  Send.,  xciv,    6E5,    1882,  "  De   Taction  qu'exercent  daa 

fortes  doaes  de  Strychnine  but  la  motricit^  dea  nerfs  chez  lea  mammifirea. 
WaOH,  Beilrag  ear  PaA.   unii  Ther.   der  tkroniiAai  Morphivmxerg^tiaig, 

Inaug.  Din.,  Jena,  1880. 
WiTKOWSKi,  Arekix  /.  expL  Path.,  viL  247,  1877  (givcB  tbs  pharmacological 

litenttnre  Tory  fully— 36  papora). 
Hubemakh  and  HiLOBit,  Die  FjUaaerLatogt,   2  ed.,  vol.  ii.,  188i  (givea  the 

chemical  literature  very  fully,  and  also  a  few  papera  not  mentioned  by 

Witkowski  or  by  na). 

LtteraivTe  of  Codeine. 

Wachb,  Dai  Codein,  Inaog  Diaa.,  Marburg,  1868  {litemture  from  1832-68). 
ScHBOBDBB,  Arehiv  expt.  Path.,  ivii.,  1888  (gives  literature  partially). 
Cl.  Beknard,  Lea  Atieethifiqua  U  t  Atphyxie,  1S7(. 
Baxt,  BeiehfTt  a/iul  Dit  Boia  Beyraond  Ardtiv,  p.  112,  18S9,   "Dia  phyaiol. 

Wirkung  einiger  Opinm-Alkaloide." 
Wbir  Mitchell,  Amer.  Jour,  of  Med.  Se.,  lii.,  1870,  "On  the  Effects  of 

Opium  and  ita  Derivative  Alkaloids." 
Hakley,  Old  VtgeUibU  Nturotia,  Loudon,  1860. 

Among  the  anthora  pnvioualy  cited  Bonchut,  Cram  Brown  and  Fnuer, 
Falck,  FnmmUUer,  Ott,  and  fiabnteaa  describe  the  action  of  Codeine. 
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A  New  Method  for  Determining  Phoephoros  in  Organio 
PhosphoniB  Oompounds.     By  Prof.  B.  A.   Letts   and 
B.  F.  Blake,  Esq.,  Queen'g  College,  Belfad. 
Bewl  Joly  21,  1669. 

In  the  phoephinee  aud  their  derivatiTBa,  vhick  we  have  inve»- 
tigated  from  time  to  time,  canHiderable  niicertaiiitj  has  always 
attended  the  determinationB  of  phosphorns  by  the  ordinary  methods 
recommended  for  the  purpose.  In  fact,  we  never  felt  any  confidence 
in  the  result,  for  no  matter  how  carefully  the  determinations  were 
made,  duplicate  analyses  led  to  different  numbers. 

The  uncertainty  depends  partly  apon  the  difficulty  of  oxidising 
the  phosphorus  in  such  componnds  to  phosphoric  acid.  For,  as  a 
rule,  in  any  dry  combustion  procssB  which  may  be  employed,  vola- 
tile oddation  products,  containing  phosphorus,  are  fonned  of  great 
stability,  which  frequently  pass  over  the redhot  oxidising  mixture 
almost  unchanged.  Moreover,  the  glass  of  the  tube  is  attacked  by 
the  oxidising  mixture,  and  this  undoubtedly  leads  to  inaccuracies, 
probably  of  considerable  magnitude. 

If  any  moUi  combustion  process  is  resorted  to,  only  a  part  of  the 
phosphorns  is  converted  into  phosphoric  acid.  A  more  certain  and 
trustworthy  process  than  any  of  those  which  are  in  general  use  was 
therefore  deeirable,  and  in  some  of  our  investigations,  where  every- 
thing depended  upon  a  correct  estimation  of  the  phosphorus,  it  was 
essential.  It  occurred  to  one  of  us  that  the  difficulty  in  finding  snch 
a  process  ought  not  to  be  so  great  after  all,  for  by  burning  a  substance 
in  the  ordinary  way  with  oxide  of  copper,  the  phosphorus  ought  to 
be  completely  oxidised,  and  should  be  found  at  the  end  of  the  opera- 
tion as  phosphate  of  copper,  in  which  it  could  be  estimated  without 
much  difficulty  by  the  molybdate  method.  In  addition  to  the  sim- 
plicity of  such  a  method,  it  should  also  possess  the  great  advantage  of 
permitting  the  simultaneous  determination  of  carbon  and  hydrogen. 

Our  anticipations  have  been  fully  realised,  and  the  new  process, 
based  on  the  above  principle,  if  somewhat  tedious,  we  believe  to 
be  accurate,  of  general  application,  and  easily  carried  out  We  shall 
describe  it  with  the  necessary  detail,  and  then  give  some  of  our 
results  obtained  with  it. 
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At  Uie  outset  we  experienced  bdidb  difficulty  in  obtaining  pare 
oxide  of  copper ;  for  anj  commercial  eamples  we  examined,  even 
when  called  "pure"  by  the  mann&ctarar,  were  invariably  fonnd 
to  contain  phoat^oras  or  arsenic,  often  in  considerable  quantity. 
Wb  therefore  prepared  it  for  oureelvee,  as  follows ; — 

Commerctal  anlphate  of  copper  waa  diraolved  in  water,  and  the 
solution  saturated  with  chlorinB.  On  evaporation  and  crystallisa- 
tioD,  fairly  pure  crystals  were  obtained,  but  we  preferred  to  re- 
crystallise  them  once.  The  cold  saturated  solution  of  this  salt  was 
then  electrolysed  in  a  large  beaker  or  shallow  glass  dish,  the  elec- 
trodes being  platinum  plates,  of  the  sise  generally  used  in  the  cell 
of  a  Grove's  battery.  The  gas  engine  used  to  drive  our  dynamo  was 
IJ  hoise-power,  and  with  it  we  obtained  about  100  grms.  of  pure 
copper  in  7-8  hours.  The  copper  was  then  dissolved  in  pure 
nitric  acid  in  a  platinum  dish,  the  solution  evaporated,  and  the 
residual  nitrate  of  copper  calcined  at  a  dull  red  heat  with  constant 
stirring.     The  resulting  oxide  formed  a  black  crystalliae  powder. 

In  making  the  phosphorus  determination,  a  narrow  tube  about 
50  cm.  long  and  7-8  mm.  bore  waa  employed,  which  was  found  to 
contain,  when  properly  charged,  about  29  grms.  of  oxide  of  copper. 
It  was  drawn  out  in  the  usual  way,  and  sealed  at  the  posterior  end ; 
then  charged  first  with  about  5  cm.  oxide  of  copper,  afterwards 
with  about  10-15  cm.  of  the  mixture  of  substance  and  oxide,  and 
finally  with  the  pure  oxide,  the  whole  being  kept  in  its  place  by  a 
plug  of  copper  gauze.  The  combustion  was  then  proceeded  with 
in  the  ordinary  manner,  and  a  current  of  oxygen  passed  at  its 
concluuon. 

When  cold,  the  tube  was  removed  from  the  furnace,  the  plug  of 
copper  gauze  hooked  out,  and  the  remainder  of  the  contents  shaken 
into  a  beaker.  The  tube  was  then  washed  two  or  three  times  with 
hot  nitric  acid,  to  dissolve  every  trace  of  adhering  oxide  of  copper. 
To  do  this,  the  broken  (tail)  end  was  sealed  up  again,  the  tube  filled 
with  nitric  acid,  and  heated  in  front  of  an  ordinary  fire.  The  nitric 
acid  washings  were  added  to  the  contents  of  tike  tube,  whi(di  had 
been  shaken  into  the  beaker,  and  a  farther  quantity  of  the  same  acid 
added — sufficient  to  dissolve  the  whole  of  the  oxide  of  copper,  for 
which  about  100  c.c.  in  all  were  usually  required.  Solution  of  the 
oxide  was  effected  by  boiling.     When  all  had  dissolved,  about  200 
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C.C.  of  the  molfbdate  of  ammonia  mixture*  was  added,  and  the  whole 
placed  in  a  bath  with  a  thermo-regnlatoT  at  50*  C.  for  about  twenty- 
four  honre.  The  precipitate  was  then  collected,  and  the  phoephoms 
converted  in  the  usual  way  into  pyrophosphate  of  magnesium. 

In  onr  first  experiments  we  aimed  only  at  determining  the  phos- 
phoroB,  while  later  we  determined  carbon  and  hydrogen  in  addition. 

The  following  are  the  chief  results  we  have  as  yet  obtained : — 
Determinaliotu  of  Photpkonu  only, 

1.  In  oxide  of  tribenzyl  phosphine — 

(A)  0-4477  gave  0-1582  MggP,OT  =  0'0**18P-9-86  percent 

(B)  0-3294    „     01178        „       -0O32899  P  =  9-98    „ 

Obtained.  Cslcnlated  for  (C,H,),K> 

A         B 
Phosphorus,        986     998  9-68 

2.  In  dibenzyl-phoephinate  of  methyl — 

0-2592  gave  01088  Mg^PjO^  =  0  0304  P=  11-72  per  cent 

Obtained.  Calculated  for  CuH„PO, 

Phoephoms,        11-72  11-92 

3.  In  tribenzyl  phosphine — 

03634  gave  0-1352  Mg^PjOj  =  0037768  P=  10-39  per  cent 

Obuined.  Calculated  for  (C,H,),P 

Phosphorus,        10-39  1019 

4.  In  mono-benzyl  pbosphinic  acid — 

0-2559  gave  0-1608  Mg^jO^  -  0044908  P  =  17-54  per  cent. 

Obuined.  Calculated  for  (CtHt)H,PO, 

Pboephoru^        17-54  18-02 

DeteitntTialioTi  of  Pho^horvs,  CarboTi,  artd  Hydrogen. 
1.  In  dibenzyl  phospbinic  acid — 

( 1-4058  CO,  =  0-3834  C  =  67-99  per  cent 
0-6639  gave  '  0-3315  H3O  =  0036833  H  =  6-53  pet  cent 

(  0-2639  MgjPjOj  -  0073701  P  - 13-06  per  cent 
Obtained.  CalcnlaUd  for  (C,H,).UPO. 

Carbon,  67-99  6829 

Hydrogen,         6-53  6-09 

Phosphoms,     1306  12-60 

These  examples  show  that  even  when  small  qaantities  of  the 
phosphorised  compounds  are  submitted  to  analysis,  fairly  accurate 
results  ore  obbuned — far  more  accurate,  indeed,  than  might  have 
been  anticipated,  considering  the  very  large  quantity  of  nitrate  of 
copper  with  which  the  phosphoric  acid  was  diluted  previous  to 
precipitation  by  the  molybdate.  It  is  probable  that  with  larger 
qnantitiee  even  better  numbers  would  have  resulted. 
*  Prepared  according  to  Fnenim'  Manual, 
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liist  of  the  Fossil  Dipnoi  and  Oanoidei  of  Fife  and  the 
Lothians.     By  B.  H.  Traquair,  M.D.,  F.B.8. 

(Read  Jidy  21,  1890.) 

No  diateict  of  Oreat  Britain  is  bo  rich  in  genera  and  species  of 
Carbonifeious  Dipnoi  and  Oanoidei  as  that  of  Fife  and  the  Lothians, 
and  in  the  ftequencj  of  entire  specimens  of  these  fishes  it  is  only 
approached  by  Korth  Staffordshire, 

Another  festure  of  the  greatest  geological  interest  is  the  abund- 
ance of  fish  remains  in  estuarine  strata  below  the  horizon  of  the 
Millstone  grit,  whereby  a  means  of  comparing  the  Ganoid  fiah 
faunn  of  the  Upper  and  Lower  divisions  of  the  Carboniferoas  for- 
mation is  afforded.  Lower  Catboniferons  Ganoids  and  Dipnoans 
occur,  it  is  tnie,  in  the  weet«m  part  of  the  great  central  Scottish 
carboniferous  area,  and  a  very  remarkable  assemblage  of  fishes  of 
that  period  was  discovered  not  many  years  ago  in  the  district  of 
Eskdale  and  Liddesdale  in  the  south.  But  in  England  and  Ireland 
and  in  other  parts  of  the  world  generally,  the  Lower  Carboniferons 
fish  remains  known  to  ns  are  mainly  those  of  marine  Selachii,  so 
that  an  especial  interest  attaches  to  the  Carboniferoue  fish-fauna  of 
Scotland,  and  particularly  to  that  of  the  district  with  which  the 
present  list  has  to  deoL 

A  list  of  the  fossil  fishes  of  the  Ediabutgh  district,  compiled  by 
the  late  Mr  Salter,  is  given  in  the  Memoir  of  the  Geologieai  Survey, 
explanatory  of  Sheet  32  (Scotland),  and  published  in  1661.  Since 
the  appei^ance  of  this  Memoir,  now  nearly  thirty  years  ago,  no 
collective  list  of  the  fossil  fishes  of  this  part  of  Uie  country 
has  been  drawn  np,  though  the  amount  of  material  amassed  by  the 
labours  of  many  collectors  has  enormously  increased  during  those 
years.  Among  tiiose  who  have  contributed,  by  their  work  in  the 
field,  to  an  augmentation  of  the  material  for  a  new  and  expanded 
list  of  the  fossil  fishes  of  this  district,  I  may  mention,  besides  Messrs 
Bennie  and  Macconochie,  collectors  to  the  Geological  Survey  of 
Scotland,  Mr  W.  Tait  Kinnear,  Mr  W.  Anderson,  now  of  the  Geo- 
logical Survey  of  New  South  Wales,  Mr  T.  Stock,  Mr  James  Kirkby, 
and  the  late  Mr  Robert  Walker  of  St  Andrews ;  while  I  myself, 
during  the  past  sixteen  yean,  have  been  able  to  procure  botii  tat 
VOL.  xvu.       2  b 
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the  Mneeum  of  Science  and  Art  and  for  my  own  collection,  a  very 
conaiderftble  number  of  specim^iB  from  the  localities  roond  Edin- 
huigh. 

One  result  of  this  lai^  increase  of  material  is  that  a  number  of 
nndonhtedly  new  species  have  to  be  chronicled.  Another  result  is, 
that  the  inoreaae  of  knowledge  which  this  increase  of  matenal  has 
hroi^t  with  it,  indncea  me  to  withdraw  several  species  which  I 
m^elf  had  previously  named,  but  which  I  now  must  place  among 
the  synonyms.  Where  species  have  been  otherwise  rectified,  I  have 
not  considered  it  necessary,  in  a  list  like  this,  to  occupy  space  by 
giving  th«  entire  synonymy. 

As  I  hope  to  take  up  the  cataloguing  ai  the  Selacbii  next  session, 
the  present  list  is  restricted  to  the  Dipnoi  and  Ganoidei,  including 
the  problematical  Acanthodei,  which  ought  perhaps,  as  in  the 
opinion  of  many,  to  he  rather  conudered  as  ElaBmcbTtmcha  The 
list  itself  cannot  be  supposed  to  be  complete,  but  it  will,  it  is  to  be 
hoped,  be  of  a  certain  utility  for  a  time. 

HOSIZONS. 

The  U;^per  Old  Red  SandOone  (U.O.S.)  cannot  I  think  be  asso- 
ciated with  the  Carboniferous  rocks  on  account  of  its  fish  remains^ 
which  have  a  greater  general  resemblance  to  those  of  the  Lower  Old 
Red  of  the  Ifortb  of  Scotland,  in  spite  of  the  well-known  uncon- 
formity which  exists  between  the  two  sets  of  strata.  In  the  Car- 
boniferous system  two  great  ifiviaiona — Upper  and  Lower — may  be 
adopted,  and  these  again  subdivided  according  to  the  plan  in  nse  by 
the  Diiector-^^eral  and  Officers  of  the  Geological  Survey.  In  this 
arrangement  the  Lower  Carboniferoue  falls  into  two  enbdivisions, 
the  Ccddferoua  Sandattme  Serin  (C.8.)  extending  up  to  the  first 
Gilmerton  Limestone,  and  the  Carboniferous  Limestone  Series 
(C.L.)  extending  from  the  last-mentioned  horizon  to  the  Millstone 
Qrit,  or  Rotelyn  Sandstone.  And  in  their  turn  the  Upper  Car- 
boniferous rocks  fall  likewise  into  two  sobdivisions — the  Millstone 
Qrit  below,  and  the  Cool  Measures  (CM.)  above.  I  have  gives  no 
contraction  for  the  Millstone  Gilt,  as  I  have  seen  no  fish  remains 
from  this  set  of  rocks  in  the  East  of  Scotland. 

It  is  certainly  worthy  of  note  that  in  this  list  not  one  species  is 
common  to  the  Upper  and  Lower  Divisions  of  the  CarbcmifenKis 


..Google 


1889-fiO.]  Dr  Traquair  on  Foaal  Dipnoi  and  Gatundei.        387 

formitioiL  So  far  bb  fish-life  at  least  is  concerned,  there  certainly 
occBired  an  importaiit  paUeontdogical  break  at  the  base  of  the 
Millttoae  Giit.  And  my  friend  Mr  Kidston  tells  me  that  the  same 
is  trae  with  regard  to  the  plants. 


Ohdbe  DIPNOL 

Family  Cteaodoididce. 

1.  PhaDeroplenron      AItdo^ 

BO&i,  Huxley, 

2.  Ctenodns        intermptos, 


List. 


n.O.R.     Dura  Den. 


C.K 

3.  Ctonodna  cristatos,  Ag.  C.U. 

4.  Ctenodus  aDgnstolus,  Traq.     C.L. 
IS.  Sagenodns  qninqnecoatatua,     C.L. 

Traq. 
S71L  Ctenodiu  obliquus,  var. 
quinqiteeoatatua,Trtkq. 
Hemietenodia  gvinqua- 
codaius,  Traq. 

Faniilj  Uronemidce. 

6.  XJionemus  lobatus,  Ag.  C.S. 
Syn.  Pfumeroplettron  tU- 

garu,  Traq. 

7.  Uronemus  aplendene,  Traq.     C.L. 
Syn.  Oawprietodm  s^ien- 

dew,  Traq. 

Obdbb  GANOIDET. 
t  Suborder  Aoakihodsi. 
Family  Aeanthodidee. 

8.  Acanthodee  sotcatns,  Ag.        CS. 


Kttenweem,  Tife ;  Weat 

Calder. 
QHmerton,       Loanhead ; 


Dalkeith. 
Loanhead. 
Gilmerton,  Loanhead. 


Loanhead ;  Dryden. 


Wbrdie;  Burdiehoose ; 
Oakbank ;  W.  Calder  [ 
Straiton ;  S.  Queene- 
f erry ;  Pitcortby,  Fife ; 
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9.  Acanthodes  Wardi,  EgerL  CM.  EdinonBtone. 

„         sp.  indet  C.H  QQmerton,  Loanhead. 

10.  Acanthodopcis       Waidi,  CM.  Smeaton,  near  Dalkdth. 
Hancock  de  Atthey. 


Suborder  Flagodbrui. 
Family  Plerichtkyida. 

11.  BothriolBpis    h7drophiliis     U.O.B.     DoiaDen;  Dramdryan. 

Syn.  Pteriehtkyg     hydro- 

philue,  Ag. ;  Egert. 
Patnphraetue  hydro- 

phUut,  Ag. 
Pampkraettis  Ander- 

eoni,  Ag. 
Homothorax       Fle- 

mingii,  Ag, 

Suborder  CROSSOPTSRTflii, 
Family  Holoptyehiida, 

12.  Holoptychius    Flemingii,     U.O.R.     Dura  Den. 

Ag. 
Syn.  Soloptydtiw  Ander- 
toni,  A%. 
Platygnathw  Jame- 
goni,  Ag. 

13.  Holoptychius  nobiliaBimus,    U.O.R.     Baiisie ;        Dramdryan, 

Ag.  Fife. 

Syn.  SdloptytMw  Mur- 
ehiaoni,  Ag. 
Oyrolepia  gigatUeuB, 


Family  Rhhodontidce. 
14.  Bhizodus  Hibberti  (Ag.) 
Syn.   Megalickihgs  Hib- 
berti, Ag.,  pan. 
PhyUolepU  tetmiigi- 
mut,  Ag. 


Wardie ;  Buidiehonae ;  S. 
Queensfeny;  St  An- 
drewa;  Straiton;  Fit- 
corthy. 
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Syn.   Holoptyekius  Bib- 

C.L. 

Gilmetton ;      Loanheod 

herii,  Ag.,  pars. 

The  Moat;  Penetone 

Bkixodua     gracilis. 

Bo'nesa ;      Lochgelly 

M'Coy. 

Denhead. 

15 

Rhiiodua  omatua,  Traq. 

CS. 

Burdiehouae;     Straiton 

Syn.   Megaliehihys   Htb- 

Pittenweem;  Pitcorthy. 

ierH,  Ag.,  pare. 

C.L. 

Gilmerton ;  Denhead. 

Eoloptychiwi    Hib- 

htrti,  Ag.,  para. 

Shisodus  EibberH, 

Traq.,  pare. 

16 

-irchicbtbye       eulcideiiB, 
Hancodc  and  Atlhey. 

CM. 

Smeaton. 

17 

Archichthys  Portlocki(Aj7.) 
Syn.  Holoptyehius    Port- 
focfts  Ag. 

CS. 

Pittenweem;  Abden. 

18 

Strepsodus     sanroides, 

CM. 

(Birniey). 

lieiy,  Leven. 

oidet,  Binoey. 

19 

Strepsodufl  striatulus,  Ti-aq. 

C.L. 

Loanliead;  Abden. 

20 

Strepsodus  minor,  Traq. 

CS. 

Pitcorthy. 

21 

{Wiaiavieoti). 
Syn.  Bdoptychita     taur- 
aides,  WilliBinson. 

Salter. 

CM. 

22 

Bhizodopsis,  sp.  indet 
Family  Saurodipteridm. 

C.L. 

23. 

Glyptopomna  minor,  Ag. 

U.O.R. 

Dura  Den. 

24. 

Olyptolsemua     Kinnoiidi, 

Svxley. 
Syn.  Diplopierus  Daigleish- 

imsisy  Anderson. 

I7.0.E. 

DuiaDen. 

25. 

Megalichthys      laticeps, 

CS. 

Burdiehouse;     Bnmt- 

Uraq. 

iaLmd. 
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.  IVtegalichthys  lavia,  Traq.      C.S. 


27. 

Hibberti,^?. 

CM. 

Smeaton;  Shawfair. 

„            sp.  indet. 

C.L. 

Family  Coslacaitihidce. 

28. 

Ccelacanthua  leptvmia,  Ag. 

CM. 

Smeaton. 

ep. 

CL. 

Abden. 

Suborder  Acifekberoidei. 

Family  Potewiwckte. 

29. 

Elonichthys    nemoptenw, 

C.S. 

Wardie;Bmdiehouae;a 

{^9-) 

Queensfeny;  Straiton; 

Syn.  AmUyptertu  netno- 

Pamphereton;  W.  Cal- 

der;  Broxburn;  Juniper 

A  mblypteruijmndeUue, 

Ag.  pars. 

Pitcorthy. 

Palmonisau    Robuotii, 

CL. 

Gilmerton ;      Loonbead  ; 

Hibbert. 

WaUyford;  Denbead. 

-Ag- 

Elonichthys  inlermedius, 

Ti»q. 

Eloniehthyt  aoatut,  Tntq. 

i>»Bri^Tn.q. 

Eloniekihyg     tenuuer- 

raUu,  Traq. 

30. 

Bucklaodi  {Ag.) 

cs. 

BnrdiehouBe;      Wardte; 

Syn.    Pygoplenu    BaeJe- 

Stroitos;    S.   Qneeua- 

landi,Ae. 

ferry;  BumtiBland. 

CL. 

Loanheod. 

31. 

pectinatuB,  Trag. 

CS. 

W.  Calder;  Oakbank ; 
Straiton. 

CL. 

Kingseat;  Abden; 
Denhead. 

32. 

CI. 

33. 

BtriatuB  (Ag.) 

as. 

Wardie ;  Burdiehouw ; 
Juniper  Green;  Strait- 
on; Pitcorthy. 
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Ag. 

Cotmoptyehiiu  etriatue, 

T»q. 

34. 

Rludiiiichthfa     omatiBsi- 

CS. 

Burdiehouse;     Wardie; 

TTL^^Ug.) 

Straiten ;    S.    Queena- 

Sjn.     Paiteoniseas    oma- 

titrimue.  Ag. 

Traq. 

35 

Rhadiniclitfays    carinatns 

c.a 

i^9). 

Pitcorthy,     Colinton ; 

Eedlalli  Com  ara, 

ft«.Ag., 

near  Kilrenny. 

Bhadimchthya  Qeikiei, 

Traq. 

36 

Ehadinichthya  brevia,  Traq. 

CS. 

Waidie. 

37 

Traq. 

C.I. 

Wallyforf. 

38 

RhadinichthyBferox,  Traq. 

CS. 

Wardig. 

39. 

„          macrocepha- 
ha,TTaq. 

CS. 

40 

CS. 

ockii,  Ag. 

Burntialaiid;  Stzeiton; 

Oakbank;  W.  Caldet; 

ockii,  Ag, 

Juniper  Oreen. 

Pygoptena  elegans. 

CL. 

Gilmertonj  Loanhead. 

C.  W.  Peach. 

ctfw,  Tniq. 

41 

AcrolepiB   BemigrumloBus 

CS. 

Straiten. 

42 

Oonatodna  pnnct&tuB,  Ag., 

CS. 

Wardie;  Stiaiton;  Bur- 

diehonaei  Hteorthy. 

talui,  Ag.  pan. 

„  Amilyptenu  anamo- 

axhmodvt  Walker. 

43 

Qonatodna  macrolepiB,  Tmg 

CL. 

Gilneiton. 
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44.  GonatodoB  parvidena,  Traq.    C.L. 
46.  Diydenius  insignis,  Traq.        C.L. 

46.  Cijpliiolepis  striatoa,  Traq.     C.L. 
Sjn.  Caiacantlmi  etriatus, 

Traq. 

Family  Platysomidce. 

47.  Eutjuotnfi  creoatus,  Ag. 

Syn.  Eurynotus    fivibri- 
oJtu,  Ag. 


48,  Enrynotua  microlepidotua, 

Traq. 

49.  Platysomua  parvulos,  Ag. 
60,  Cheirodos  crassus,  Traq. 


Loanhead;  Lochgelly. 
Loanbead. 


C.S.  Wardie ;  Bnrdiehoase  ; 
Juniper  Greeo ;  Craig- 
leith  ;  S.  Qaeensfeny  ; 
Pumpfaeraton ;  Bamt- 
island ;  Fittenweem ; 
Pitcorthy ;  Kenly- 

montb ;  Com  Ceres, 
near  Kilrenny, 

C.L.  Gilmerton;  Loanhead; 
Abden;  Denhead. 

C.L.       Loanliead. 

C.U.      Edmonatone ;  Smeatoo. 
C.L.       Abden. 


Notes  on  Soke  op  the  Spboies  in  the  Prbobdino  List. 

Acanthodee  eulcattig,  Ag. — The  type  specimen  from  Wardie,  in 
the  Oxford  Museum,  is  so  poor  a  fragment  that  the  reference  to 
this  species  of  the  now  pretty  niunBrona  and  tolerably  perfect 
examples  of  Aamthodes  from  the  Calciferone  Sandstone  Series  of 
the  district  is  more  a  matter  of  guess-work  than  of  absolute  scien- 
tific proof,  though  at  the  same  time  there  is  no  real  reason  for 
doubt.  The  fish  attains  to  a  very  considerable  size,  and  is  yeiy 
closely  allied  to  A.  Wttrdi,  Eg.,  of  the  Coal  Measnres.  The  little 
"sulcus"  or  groove  on  the  scales,  figured  by  Agassiz,  and  upon 
which  he  founded  the  specific  name,  is  very  inconstant,  and  can 
hardly  be  nsed  as  a  character;  in  fact,  the  only  tangible  mark 
which  I  can  find  to  distinguish  stdeaiua  tiom  Wardi  is  a  somewhat 
greater  straightnesa  and  slendemess  of  the  "  styliform  "  bona 

I  am  of  opinion  that  the  remains  of  Acantkodet  which  occur  in 
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the  Carboniferone  Limeatoue  Series  are  specifically  distinct  both 
from  Wardi  and  suicalus,  bat  anfortimately  they  are  not  sufficiently 
perfect  to  wanaat  the  application  of  a  new  nama 

Sagenodug. — At  the  su^estion  of  Mt  Smith  HVoodwanl,  I  adopt 
the  term  Soffenodtu,  Owen,  for  Ctenodont  fishes  of  the  type  of 
obliquus,Atth6y,aaA^ingueeoiitatue,'Tiwi.,mpitUi&  oi HemiiUsnodva, 
Jaackel,  Sagenodw  inequaiia  seems  pretty  certainly  to  hare  been 
founded  by  Sir  B.  Owen  on  a  microscopic  section  of  a  yonng  speci' 
men  of  Ctenodm  Miqttva,  Atthey  {Trant,  Odontolo.  Soe.,  vol.  t., 
1867,  p.  395,  pL  xii.),  while  on  the  other  hand  one  cannot  feel  snre 
that  Jaeckel  waa  comet  in  referring  Atthey's  species  to  his  genua 


Plutna-opleuron. — I  include  Pkaneropleuron  with  CHenodits  and 
its  allies  in  the  family  GCenodontidffi,  because  the  recent  obeerrationa 
of  Whiteaves,  Jaeckel,  and  myself  on  specimens  of  Ph.  cuTtwn, 
Whiteaves,  from  the  Upper  Devonian  of  Scaumenac  Bay,  Canada, 
clearly  show  what  I  had  long  suspected  in  the  cose  of  Ph.  Andersoni, 
Huxley,  that  the  configuration  of  the  palatal  bones  and  palatal 
dentition  was  essentially  the  same  as  in  Ctenodva  and  Dipterus. 
Mai^al  teeth  have,  it  is  true,  been  also  described  by  Hnxley  in  Pft. 
Andentmi  and  by  Whiteaves  in  Ph.  atrtum,  but  I  do  not  consider 
that  thia  character  excludes  it  from  the  family.  The  name  Cleno- 
dontidffi  is,  I  think,  preferable  to  Pander's  "  Ctenododipterinte,"  oa 
Dipterue  is  the  only  member  of  the  family  known  to  us  in  which 
the  dorsal  fin  is  differentiated  into  two. 

Urotiemida. — Xotwithstanding  the  great  external  resemblance  of 
VroneTtuis  to  Pkaneropleuron,  I  am  constrained  to  pnt  the  former 
in  a  distinct  family,  ovring  to  the  fact  that  the  dentition  doea  not 
assume  the  form  of  "ctenodont"  plates,  and  the  shape  of  the 
palatal  bones  is  quite  different.  In  Uronemus  these  bones  are 
broad  plates,  with  only  a  row  of  teeth  along  the  outer  margin,  the 
surface  internal  to  which  is  simply  granulated.  Details  as  to  the 
atmcture  of  UroTiemug  will  be  given  in  a  subBeC[uent  memoir. 

Str^aodus  minor,  n.  sp. — Scales  abont  {  inch  in  length  by  ^  inch 
in  breadth ;  usually  more  or  less  quadrate  or  rectangular  in  aspect, 
the  upper  and  lower  borders  being  straight  and  parallel,  the  posterior 
border  gently  convex.  Covered  anrface  showing  fine  concentric  etrise, 
exposed  area  with  radiating  raised  lines  ot  feeble  ridge^  indicative 
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of  subjacent  vascular  channels.  Associated  with  these  scales  is  a 
small  tooth,  shaped  as  in  Strepeodw  aauroides,  but  with  the  stoiation 
of  a  much  more  delicate  chaiactei  (Museum  of  Science  and  Art). 

Megalichtkyi  Iceoi*,  □.  sp. — I  apply  this  term  to  a  oompaiatively 
small  apeciee  of  Meg<didUhye,.itiiQaa  more  or  Leas  di^oiuted  remains 
aro  not  uncommon  in  the  ironstone  noddles  contained  in  the  "  roof  " 
of  the  Dunnet  oil  shale  worked  at  Stialton  and  Fentland.  Its  dis- 
tii^uiahing  specific  character  is  the  thinness  of  the  scales  and  the 
absence  of  the  usual  prominent  rib  oi  keel  on  the  under  snrface. 
In  fact,  these  scales,  when  seen  from  below,  are  almost  indistingoish- 
able  from  those  of  Shizodapsie.  Extomail;  they  are  brilliantly 
ganoid  on  the  free  portion  of  the  surface,  as  in  other  apecie&  Type 
specimens  in  the  Husenm  of  Science  and  Art,  Edinburgh. 

Eloaiekthya  nemopterus,  Ag. — After  puzzling  for  yeara  over  in- 
numerable specimens  of  the  Bobisotd  type  of  EUmichtkyt,  which  is 
so  common  in  the  Lower  Carboniferous  Kocks  of  central  Scotland, 
and  in  vain  seeking  for  definite  characten  towards  dividing  them 
into  "  good  "  species,  I  have  been  reluctantly  compelled  to  abandon 
the  quest,  and  to  seek  for  a  solution  of  the  question  by  reuniting 
them  all,  with  the  exception  of  E.  BtieJdandi  (Ag.),  which  can  always 
be  easily  recognised  by  the  strongly-marked  and  deeply-cut  orna- 
ment of  its  scales. 

It  is  no  doubt  easy  enough  to  put  together  a  set  of  extreme  forms, 
which  any  one  might  readily  be  tempted  to  adopt  as  distinct  species, 
and  in  fact  I  did  eo  myself  at  the  commencement  of  my  investiga- 
tions ;  but  the  more  material  I  obtained,  the  more  and  more  unre- 
liable did  I  find  every  character  turn  out  upon  which  I  had  fixed 
as  diagnostic.  Por  example,  the  relative  fineness  or  coarseness  of  the 
fin-rays,  and  the  relative  distance  of  their  transverse  articulations, 
019  charactore  which  are  quite  inconstant  As  a  rule,  the  fin-rays 
are  proportionally  more  slender  and  more  distantly  articulated  in 
young  specimens,  though  this  condition  sometimes  persists  in  adult 
forma.  Alsc^  no  reliance  can  be  placed  on  the  relative  extent  to 
which  the  scales  are  striated  or  punctate,  or  upon  whether  the 
punctate  area  is  nearly  smooth  or  thickly  covered  with  punctures. 
Unfortunately  the  relative  size  of  the  scales  and  the  number  of  rays 
in  each  fin  are  characters  which  can  only  be  accurately  ascertained 
in  exceptionally  well-preserved  specimens,  as  a  certain  amount  of 
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distortion  is  commgn  to  the  greater  number  of  those  specimens  as 
they  occur  in  the  rock. 

All  the  forms  which  I  include  under  Elonichthyf  nemcplerus  are 
fishes  of  a  tolerably  deeply  fusiform  shape,  with  large  fins,  the  dorsal 
and  anal  triangular,  and  high  in  front ;  the  fin  rays  longitudinally 
striated,  save  in  some  cases  the  proximal  parts  of  those  of  the  lower 
lobe  of  the  caudal ;  the  priacipol  rays  of  the  pectoral  articulated  up 
to  their  origins.  The  scales  are  finely  serrated  on  their  posterior 
naigins ;  theii  ornament  is  delicately  striato-punctate,  as  shown  in 
my  description  and  figures  of  those  of  the  variety  itrioJaiw  (Carb. 
Ganoids,  Pai.  Soe.,\Bill);  bat,  as  remarked  above,  there  ia  an  infinite 
variety  in  the  relative  extent  of  the  atriation  and  punctation.  As 
ft  rule  the  most  anterior  scales  are  entirely  striated ;  those  of  the 
middle  of  the  body  striated  towards  the  anterior  margin  and  punctate 
posteriorly;  while  those  towards  the  tail  become  nearly  smooth. 
The  cnmial  roof  boues  are  for  the  most  part  finely  tuherculated ;  those 
of  the  face  striated,  and  very  considerable  variety  occurs  here  as  to 
the  closeness  and  prominence  of  the  etriation. 
As  well  marked  varietkt  I  may  retain  the  following : — 

a.  £.  nemopterua,  Ag.  type, — Fin-rays  slender,  rather  distantly 

articulated,  striated  ornament  prevalent  on   the  scales. 

C.S.,  Wardie,  Fumpherston. 
6.  "Var.    gfriolatus,  Ag.  —  Fin-rays    relatively     coarser,     cci'y 

clotty  artiailaled,  scales  delicately  striate-punctate.    The 

Palteoniecus  Sobisoni  of  Hibbert  and  Agassiz  (Elonichthyt 

Robieoni,  Traq.  olim)  is  donbtleas  the  young  of  this  variety. 

C.S.,  Bnrdiehouse,  Burntisland,  Pitcorthy. 
e.  Var.  intermediu*,  Traq- — Like  etriolatus,  but  the  transverae 

articulations  of  the  median  fin-raye  not  so  close.     C.S., 

Wardie,    Bnrdiehouse,    S.    Queensferry,    Pitcorthy,    &c. 

This  includes  one  of  the  two  types  of  AgassiE's  Amiiyp- 

terns  punctatiu  from  Wardie. 

d.  Var.  Duneii,  Traq. — Bays  of  the  dorsal  fin  finely  serrated 

posteriorly.     C.S.,  Broxburn. 

e,  Var.  tenuiterraiua,  Traq. — Scales  with  the  external  ornament 

very  delicately  marked,  nearly  smooth,  posterior  serration 
very  fine.  Sculpture  of  head  bones  strongly  marked.  Of 
all  tbe  forms  enumerated  above,  this  is  the  one  I  abandon 
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with  the  most  reluctanoB,  bnt  the  occurrence  of  links 
appareotly  connecting  it  with  the  otheis,  lettveB  me  no 
alternatiTe.  C.S.,  W.  Calder. 
/.  Tar.  a£init,  Troq. — Like  intermedtus,  but  the  fins  sppw- 
ently  rather  amallei  and  composed  of  fewer  lajB.  C.L^ 
Gilmecton,  Loanhead,  Wallyford,  Denhead. 
Asia  E.  ovatus,  Tnq.,  I  abandon  it  altogether,  as  being  piet^ 
certainly  a  form  with  the  body  shortened  up  by  distor- 


I3€n%ehthy»  mtUtMtriatvs,  n.  sp. — The  remains  of  this  remarkable 
and  undonbtedly  new  apeciee  which  have  ae  yet  been  found,  consst 
of  fragments  of  fishes  more  or  less  distorted,  and  also  disjointed 
scales  and  bones.  The  former  set  of  remains  indicate  that  the  body 
was  deeply  fusiform,  the  fins  large  and  composed  of  nomerons 
closely  striated  rays,  and  the  head  bones  resembling  in  shape  those 
of  £.  peetinatus,  Trat^.  But  the  scales  are  altogether  peculiar. 
Those  of  the  flanks  are  higher  than  broad,  more  oi  less  rectangular 
in  form,  the  covered  area  narrow,  the  exposed  portion  covered  with 
fine  sharp  raised  strife  or  ridges,  which  are  sub-patallel,  fceqnestly 
bifurcating  and  also  anastomosing,  and  cross  the  surface  of  the 
scale  obliquely  from  above  downwards  and  backwarda.  From  the 
upper  margin  of  the  scale,  and  rather  near  the  anterior  supeiior 
margin,  there  projects  a  strong  pointed  and  grooved  articular  spine ; 
the  posterior  margin  is  entire  and  without  serrations. 

When  1  firat  saw  the  scales  of  this  fish,  their  form  and  manner 
of  ornament  strongly  suggested  Platysomid  affinities,  but  the  mudlla 
and  cast  of  the  mandible  lying  with  them  in  the  same  slab  clearly 
showed  that  we  had  to  deal  with  a  member  of  the  Falffioniscida. 
Other  specimens,  as  aforesaid,  indicate  that  the  safest  genus  to 
place  it  in  is  EUmiehthyi,  It  must  have  attained  a  considerable 
size. 

C.L.,  Gilmertou  and  Loanhead.  Type  specimens  in  the  collection 
of  the  author. 

Elonickthya  ttriatiu,  Ag. — I  formerly  separated  this  species 
under  the  generic  term  Coamoptyehiiu,  owing  to  the  presence  of  a 
small  plate,  which  is  wedged  in  anteriorly  between  the  opercalnm 
and  the  quadrate  plal«  beneath  it,  usually  redconed  as  snboperculam. 
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Aa  in  the  Lower  Peimian  geuufi  Shabdolepis  of  Troechel,  thie  plate 
extends  back  tlie  whole  way  to  the  opeTcular  mai^iii,  and  com- 
pletelj  Bcparatoa  the  operculum  from  the  quadrate  plate  beneath. 
I  considered  it  as  the  tme  "  snboperculuin,"  and  reckoned  the 
quadrate  plate  as  "  interoperculnm,"  an  opinion  which  I  subse- 
quently recanted  in  my  paper  on  Chondrosteus,*  in  which  I  restored 
the  term  "  Bubopercnlum  "  to  the  quadrate  plate,  and  considered  the 
email  intermediate  one  as  accessory.  I  had  not,  at  the  time  I 
instituted  the  genns  Coemoplyehiiu,  observed  this  little  triangular 
acceesory  plate  in  Sloniehthyg,  but  since  then  I  have  seen  it 
frequently,  awl  in  conseqnence  I  feel  that  there  is  no  sufficient 
ground  for  separating  striatue  from  the  other  species  of  the  last 
named  genus. 

Shadiniefithi/a  omatiesimiu,  Ag. — I  have  long  had  no  doubt  as 
to  my  former  R.  leptvnu  from  Burntisland  being  only  a  young 
specimen  of  Jt.  onuUisHmut,  and  therefore  cancel  the  species.  £x- 
oepdonally  fine  specimens  of  JL  ontatisinmus  have  recently  occurred 
in  the  roof  of  the  Dunnet  shale  at  Straitoa  and  Pentland. 

BAadinichihyt  carinatue,  Ag. — I  much  regret  that  a  similar  fate 
must  befall  B.  Geikiei  from  Eedhall ;  but  the  accession  of  a  fine 
series  of  earinaim  from  Pumpherston  has  so  much  added  to  our 
knowledge  of  its  characters,  that  it  has  become  clear  that  the  little 
specimena  from  the  former  locality,  which  I  named  in  honour  of 
the  Director-general  of  the  Geological  Survey,  must  be  absorbed  in 
the  Agassizian  species.  In  Agasaiz's  type  of  this  species  from 
Wardie,  as  well  as  in  other  specimens  from  that  locality,  the  outra 
surbce  of  the  scales  is  imperfectly  shown,  hence  I  formerly 
described  it  as  entirely  emooth  or  nearly  ao ;  but  the  Pumpherston 
specimens,  which  I  cannot  avoid  referring  to  earinaivs,  from  the 
general  appearance  and  contour  of  the  body  and  fins,  clearly  display 
the  same  character  of  scale  ornament  as  I  hod  previously  attributed 
to  Cfeikiei  {Proc  Bay.  Soe.  Edin.,  ii.  1877,  p.  439).  I  also,  in  my 
paper  on  the  Eakdcde  Ganoids,  doubtfully  identified  the  common 
Rhadiniekihyg  of  the  Qlencartholm  beds  with  the  supposed  species, 
R.  Oeikiei,  and  it  has  been  long  evident  to  me  that  this  doubt  was 
amply  justified.  Though  closely  allied,  the  Qlencartholm  fish  has 
a  considerably  coarser  serration  of  the  posterior  margins  of  the 
*  Oeol.  Mag.,  June  1887,  p.  253. 
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scales,  which  is  rer;  constant  in  spite  of  the  nnmeronB  other 
v&riationB  exhibited  by  the  large  series  of  apecimeiiB  which  I  have 
examined ;  and  the  name  Geikiei  having  been  originaUj  applied  in 
error  to  another  apeciea,  it  cannot  now  be  adopted  for  any  member 
of  the  genuB,  so  that  for  the  more  southern  epeciee  I  mnst  adopt 
the  name  eleganitdw,  preTioiisly  given  by  me  to  one  of  its  Tarietiss. 
R.  delieatidvs,  Traq.,  from  the  same  heds,  is  also  a  mere  variety  of 
the  same  species. 

BhadinichthyB  Tnacroc^haUu,  n.  ap. — Allied  to  R.  earinatia  in 
general  appearance  and  scale  Bculptnre,  hut  proportionately  shorter, 
with  a  Bmoller  nnmber  of  ttansvetse  scale-hands,  the  flank  scales 
rather  high  in  proportion  to  their  breadth,  the  head  proportionately 
larger,  and  the  BUspenaorium  less  oblique  than  in  the  apeciee  last 
referred  to.  C.S.,  Pumpheraton ;  the  most  common  species  in  the 
"curly  shale"  worked  there  and  at  the  adjacent  oil  work  of 
Holmes.     Type  specimena  in  the  collection  of  the  author. 

Nemaioptydiiue  Qreenocki,  Ag. — N.  t/radlig,  Traq,,  from  the 
Gilmerton  Black  Band  Ironstone,  is  certainly  a  young  individual  of 
this  species. 

Acrolepis  semigranuioma,  n.  sp. — From  the  roof  of  &e  Dnnnet 
shale  at  Straiton,  the  Edinbuigh  Museum  possesses  a  slab  covered 
with  scales  of  a  large  AcrcHepie,  the  sculpture  of  which  is  different 
from  that  of  -any  other  member  of  the  genus  with  which  I  am 
acquunted.  These  scalea,  which  have  the  size  and  form  of  those 
of  A.  Hopkinsi  (M'Coy),  are  covered  on  their  exposed  area  with 
intmmerable  closely-aet  fine  ridges,  often  tortuous,  and  tending 
constantly  to  break  up  into  tubercles ;  their  main  direction  is,  how- 
ever, as  usual,  obliquely  across  the  scale  from  the  anterior  margin. 

As  my  MonieMhya  ortholepi*  from  Glencartholm  turns  oat  to  be 
a  young  specimen  of  a  large  Acrolepit,  there  are  now  four  E^>eciea  of 
AcnAepie  knotTn,  (a-  at  least  described,  from  the  Carboniferous  rocks 
of  Great  Britain,  viz., — fl^Dpftfm«,  M'Coy;  TFtZson^Tiaq.;  ortMe^ 
Traq. ;  and  lemigranuliMU,  Tiaq. 

I  may  hero  mention  that  I  can  see  no  radical  distinction  between 
the  scalea  of  the  fish  from  the  Carboniferous  Limestone  aeriea  of  the 
West  of  Scotland,  which  I  described  as  Acrolepia  Sati/dnei  (Ag.), 
gnd  the  scales  from  Derbyabire  in  the  Woodwardian  Museum, 
Cambridge,  figured  by  M'Coy  as  Eidoptychitu  Hopkinsi.    Though, 
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according  to  the  tnulitjoiis  of  the  Qlugow  geologists,  this  species 
is  Aguaic's  Gjfraiepit  Sankinei,  the  ssme,  having  been  accompanied 
by  no  description  in  the  Poietons  FowUbm,  has  no  right  of  priority. 

Jh-ydemua  insignie,  n.  gen.  and  ep. — When  tny  attention  wu 
Gist  drawn  to  the  Tert«brate  foseils  of  the  Borongh  Lee  and  Loan- 
head  Blackband  Ironstone,  I  attributed  certain  small  jaT-fragmenls, 
showing  pecoliar  bent  cylindio-conical  and  conspicuous  teeth,  to 
QonatodtLa  macrolqnt,  Traq.;  but  after  collecting  a  liirge  number 
of  those  little  dentigerous  bones,  it  began  to  be  cleu  to  me  that  I 
had,  on  the  other  hand,  to  deal  with  a  new  fish,  of  which  more 
or  leas  entire  specimens  with  the  teeth  in  situ  began  also  to 
torn  up. 

The  most  entire  example  I  have  seen  is  i  inches  in  length,  and, 
bat  for  the  peculiarity  of  the  dentition  to  be  presently  described, 
one  would  indeed  be  indined  to  refer  it  to  Gonaiodug.  The  scales 
are  exactly,  aa  in  that  genus,  neatly  smooth,  with  finely  seriated 
posterior  margins ;  the  fin-rays  are  proportionally  rather  coarse  and 
also  smooth;  the  cranial  roof  bones  are  ornamented  with  flattened 
tortuous  ridges.  It  is  in  the  bones  of  the  jaws  that  the  peculiarities 
reside,  which  have  induced  me  to  elevate  the  species  also  to  the 
type  of  a  genus.  The  hinder  part  of  the  maxilla  forms  a  short 
expanded  plate,  from  the  middle  of  die  anterior  aspect  of  which  the 
narrow  anterior  or  suborbital  process  extends,  so  that  the  tooth- 
bearing  margin  is  posteriorly  bent  suddenly  downwards  at  a  con- 
siderable angle.  This  mai^pn  is  set  as  in  Qonatodae  with  a  single 
row  of  proportionally  stont  cylindio-conical  pointed  teeth.  Hie 
dentary  element  of  the  mandible  is  rather  stout,  and  shows  on  its 
upper  margin  a  row  of  similar  teeth.  The  spleni&I  element  presents 
a  dental  armature  which  I  have  not  seen  in  any  other  palsoniscid. 
The  bone  is  narrow,  rounded  posteriorly,  concave  externally,  and 
tapering  to  a  point  in  front,  its  upper  straight  margin  being  set  with 
a  single  row  of  short  conical  pointed  teeth.  Bnt  the  inner,  or  oral 
aspect,  shoVs  an  area  about  the  middle,  and  occupying  more  than 
^  of  its  length,  from  which  a  row  of  six  powerful  cylindro-conical 
teeth  arises,  behind  which  are  three  or  four  small  ones.  The  large 
teeth  seem  diaproportionally  large  for  the  small  size  of  the  fish,  and 
are  conspicuous  even  in  the  most  crushed  heads.  They  are  strongly 
curved  with  the  convexity  inwards. 
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As  alteady  mentioned,  I  have  eeeu  no  such  dentition  either  in 
Oonatodus  or  in  an;  other  paleeoniscid  fish,  and  consequently  I  have 
considered  it  advisable  to  constitute  the  new  genoa,  Drydemut,  for 
this  little  fish.  The  name  is  taken  from  the  Yale  of  Btyden,  which 
is  in  close  proxinuty  to  the  ironstone  mines  of  Borough  Lee  and 
Loanhead.  Type  specimens  in  the  Edinburgh  Mnsenm  of  Science 
and  Art. 

EurynoUa  erenaiaa,  Agaseiz. — The  original  specimen  of  E,  Jim- 
hriatun,  Ag.,  from  Wardie,  in  the  Oxford  Museum,  is  a  very  poor 
fragment,  upon  which  so  specific  characters  distinguishing  it  from 
E.  crenaiuf  can  really  be  founded,  especially  if  one  takes  into 
account  the  enormous  number  of  other  specimens  of  the  genus  from 
the  Scotch  Loww  Carboniferous  rocks  which  have  been  collected 
since  Agsssiz  wrote  the  Poueons  Fossiles.  These  specimens  show 
very  great  differences  in  many  leapects;  but  the  result  of  my 
poEzUng  over  them  for  years  is  that,  with  the  exception  of  a  peculiar 
form  from  Loanhead,  all  must  be  refenod  to  the  same  species, 
namely,  E.  crenains,  Ag.  In  some  cases  the  scales  are  comparatively 
smooth,  in  others  more  ornamented:  in  some  the  crenation  of  their 
edges  in  the  dorsal  region  is  extremely  coarse,  in  otbeis  this  character 
b  not  BO  marked.  With  r^ard  to  the  fin-rays,  the  same  remarks 
apply  which  I  made  in  the  case  of  Eloniehihya  nenu^tems,  namely, 
that  in  young  specimens  these  are  more  slender  and  the  transverse 
joints  more  distant  than  in  adults,  in  which  also  there  is  no  fixed 
condition  as  regards  this  particular.  In  many  instances  the  rays  of 
the  dorsal  fin  are  serrated  posteriorly,  ^nt  I  cannot  venture  to  found 
a  species  on  this. 

Earynotua  microlepidotue,  a.  ap, — Characterised  by  the  small  size 
of  its  scales  and  the  large  dimensions  of  its  fins.  C.L,,  Loanhead. 
Type  specimens  in  the  collection  of  the  author. 

Ckdrodue  ertugtu,  d.  sp. — Scales  with  a  relatively  coarser  ornament 
than  in  Ch.  granidoeus,  Young ;  internal  rib  or  "  lepidopleuron," 
not  nearly  so  distinctly  marked  off ;  C.L.,  A.bden.  The  same  scales 
occur  at  Beith,  Aynhirc,  associated  with  dentaiy  plates  referable  to 
Cheirodue.  Type  specimens  from  Abden  in  the  Museum  of  Science 
and  Art.  From  Beith,  in  the  collection  of  Robert  Craig,  Esq., 
Langside,  Beith. 
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^nte  lateraotions  of  Oiroular  and  Longitudinal  Magnettsa- 

tiona.    By  Prof.  C.  G.  Knott,  D.Sc 

(BMdJnl7  21, 1890.) 

Preliminary  Note. 

In  the  coarse  of  an  extended  series  of  inroatigations  into  the 
nlations  of  m^netism  and  stress,  part  of  which  is  already  pub- 
lished in  the  Trcmsaetioiu  (voL  xxxv.),  I  was  led  to  consider  the 
«Seot  of  a  current  passing  aloag  a  wire  upon  its  longitudinal  mag- 
netic intensity.  Wiedemann,  Buff,  and  Yillari*  have  discussed 
this  problem  in  some  of  its  aspects.  It  does  not  seem  possible,  how- 
ever, to  deduce  fiom  their  results  completely  satisfactory  conclusions 
as  to  the  effect  of  the  cniient  upon  the  apparent  longitudinal  per- 
meability. The  question,  as  it  presented  itself  to  my  mind,  was  not 
so  much  as  to  the  effect  of  a  varying  current  along  the  wire  upon 
the  apparent  longitudinal  moment,  but  rather  ss  to  the  beharionr 
of  the  wire  in  variaus  longitudinal  fields  accoiding  as  it  was  carry- 
ing a  corrent  or  not.  It  was  to  be  expected,  in  accordance  with  the 
results  of  previous  investigators,  that  a  diminution  of  longitudinal 
intensity  would  be  an  evident  accompaniment  of  a  steadily  sustained 
circular  magnetieation.  In  other  words,  the  susceptibUity  to  a 
longitudinal  magnetising  force  would,  in  all  probability,  be  smaller 
when  a  current  was  passing  along  the  wire.  This  has  been  fully 
established  in  the  experiments,  of  which  this  forms  a  short  pre- 
liminary note.  Other  effects,  however,  have  been  observed,  which 
are  (so  far  as  I  know)  novel,  and  which  may  lead  to  clearer  views 
zegarding  the  internal  atractnre  of  magnets  and  magnetised  matter. 

In  the  experimental  work  I  have  been  assisted  by  Mr  Tsumta,  a 
graduating  student  of  physics  in  the  Imperial  Univenity. 

The  wire  to  be  experimented  with  was  carefully  annealed,  and 
then  insert«d  as  the  core  of  a  solenoid  of  copper  wire  of  138  coils 
per  centimetre  length.  The  wire  and  solenoid  lay  magnetically  east 
and  west,  and  at  a  suitable  distance  from  the  one  end  a  delicat«ly 
sospended  mirror  with  small  magnets  attached  to  its  back  served  in 
the  usual  way  as  the  magnetometer.  The  deflections  were  measured 
by  the  familiar  reflected  beam  method,  the  spot  of  light  moving 

"  For  PBrBrenoes,  Me  Wiedamuin'B  IHt  LfAre  von  dtr  EUetrieiUU,  voL  tii. 
pp.  iM-M2  ;  for  tbeoreticsl  disciusiai],  see  p.  17S. 
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over  a  scale  at  a  diatoace  of  1*7  metres  from  ths  magDetometer 
minor.  Before  the  wire  wae  inserted,  the  electromagnetic  actioa  of 
the  coil  on  the  magnetometer  wae  corrected  by  a  small  adjustable 
coil  in  circuit  with  the  solenoid  and  set  close  to  the  magnetometer. 
The  wire  was  then  inaerted  and  subjected  to  cyclic  variations  of 
magnetic  force.  The  magnetising  current  was  changed  continuously 
from  a  given  positive  value  to  an  equal  negative  value,  and  hack 
8gun  to  the  original  positive  value.  The  variation  was  effected  in 
a  gradual  manner  by  means  of  a  liquid  rheostat,  consisting  of  a 
column  of  dilute  sulphate  of  sine  with  zinc  electrodes,  through 
which  a  steady  current  from  a  battery  of  Daniell  cells  was  con- 
stantly flowing.  By  means  of  a  sliding  zino  electrode,  the  necessary 
current  was  shunted  through  the  solenoid  circuit  The  tangent 
galvanometer  included  iu  this  circuit  was,  of  course,  far  removed 
from  the  solenoid,  and  was  so  placed  that  the  operator  in  adjusting 
the  rheostat  could  easily  read  the  galvanometer  deflection. 

In  the  earlier  experiments  careful  attention  was  paid  to  the  first 
efl'ects,  as  well  as  to  the  permanent  cyclic  condition,  which  soon 
becomes  established  after  a  few  cyclic  changes  of  the  magnetising 
current  have  been  gone  through.  At  suitable  stages  in  the  variation 
of  the  current,  the  current  was  kept  steady  until  the  eorreeponding 
deflection  of  the  magnetometer  needle  was  observed  and  noted. 
These  remarks  will  suffice  at  present  to  indicate  the  general  method 
adopted  in  studying  the  cyclic  changes  which  have  been  so  fully 
investigated  by  Warbuig  and  Ewing. 

One  of  my  objects  was  to  study  the  modification  produced  on 
this  cycle,  and  on  whatever  else  may  be  associated  with  it,  when  a 
current  ie  passed  alot^  the  magnetised  wire.  This  linear  current 
(as  we  sboU  call  it)  was  derived  from  one  or  more  Bnnsen  cells.  It 
entered  the  iron  wire  at  the  end  furthest  removed  from  the  magneto- 
meter, and  returned  abng  two  copper  wires  stretched  parallel  to  the 
iron  wire,  and  very  close  to  it. 

A  complete  set  of  experiments  consisted  in — 

(1)  Taking  a  permanent  magnetic  cycle  when  no  linear  current 

was  flowing  along  the  wire; 

(2)  Observing  the  initial  effect  when  the  linear  current  was 

made  to  flow  in  one  direction  along  the  wire,  and  taking  the 
permanent  magnetic  cycle,  with  this  current  kept  steady ; 
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(3)  ObBer?iDg  the  initial  effect  vhen  the  lineai  current  was 

broken,  and  taking  again  the  permanent  magnetic  cycle, 
as  in  (1); 

(4)  Obaerving  the  initial  effect  of  the  linear  current  put  on  in 

the  other  direction,  and  taking  the  permanent  magnetic 
cycle  frith  thie  current  steady; 

(5)  Operating  as  in  (3). 

It  was  soon  found  that  in  good  experiments  the  permanent 
magnetic  cycles  in  {1),  (3),  and  (6)  were  practically  identical ;  so 
that  in  later  experiments  (3)  was  omitted.  It  was  also  established 
by  direct  experiment  that  the  permanent  magnetic  cycle  in  (2)  was 
quite  independent  of  the  magnetic  condition  of  the  wire  when  the 
linear  current  was  pat  on. 

Some  of  the  features  of  the  case  are  shown  in  the  curves  ^ren. 
This  is  chosen  as  an  average  type,  the  depsrturee  from  which,  when 
fte  relatire  mi^pitudes  of  linear  current  and  field  are  altered,  will 


be  briefly  indicated  below.  In  these  curves  magnetic  force  (^)  is 
measured  horizontally ;  magnetic  intensity  (X)  measured  vertically. 
The  msgoetic  force  is  given  in  electromagnetic  e.g.f.  units,  and  the 
c  intensity  (very  roughly)  in  the  same. 
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Curve  (a)  corresponds  to  the  peraianeiit  magnetic  cycles  (1),  (3), 
(9) ;  carves  (fi)  and  (c)  give  the  cycles  when  the  linear  cturBot  is 
flowing  first  in  the  one  and  then  in  the  other  direction.  The 
cnnent  used  in  this  experiment  was  aboat  2  amperes. 

A  glance  at  these  carres  is  sufficient  to  teach  us  that  the  linear 
current  modifies  the  properties  of  iron  in  relation  to  the  magnetic 
after-efi'ect  in  three  well-marked  ways. 

First,  the  total  range  of  magnetic  intensity  produced  by  a  given 
cyclic  variation  of  magnetic  force  is  markedly  diminished  when  the 
current  is  flowing  along  the  wire.  This  means  a  dinunutioD  in 
susceptibility.  Here  also  may  be  mentioned  the  fact  that  the  first 
effect  of  putting  on  the  current  when  the  wire  is  strongly  magnetised 
is  a  diminution  of  longitudinal  magnetic  intensity. 

Secondly,  when  the  linear  current  is  flowing,  the  average  magnctio 
intensity  over  a  whole  cycle  no  longer  corresponds  to  the  condition 
of  zero  polarity,  as  in  the  normal  case,  when  no  linear  current  is 
flowing.  For  the  one  current  the  magnetic  intensity  oscillates,  so 
to  speak,  about  a  large  poutive  polarity ;  and,  for  the  current  in  the 
reverse  direction,  it  oscillates  about  a  nearly  equal  negative  polarity. 
If  we  reckon  polarity  in  the  nsual  way,  as  a  direct«d  quantity 
measured  from  the  south  pole  to  the  north,  then  the  direction  of 
the  linear  current  is  in  the  same  direction  as  the  average  polarity 
which  it  sustains,  when  the  wire  is  subjected  to  an  absolutely 
symmetrical  cycle  of  magnetising  force  on  each  ude  of  zero. 

Thirdly,  the  curves  (fi)  and  (c)  are  no  longer  ^pnmetrical  on  the 
side  of  the  zero  line  of  magnetic  force.  The  closed  curve  (fi)  is 
more  pointed  at  its  positive  end  than  at  ite  negative  end;  tlie 
curve  (c),  on  tlie  other  hand,  is  more  pointed  at  its  n^ative  end 
than  at  its  positive^  If  we  turn  the  figure  npside  down,  the 
general  appearance  remains  the  same  as  before.  Thus,  the  effect 
of  the  linear  current  is  such  as  very  distinctly  to  modify  the  form 
of  the  ascending  and  descending  branches.  The  descending  branch 
of  (6)  is  veiy  similar  to  the  ascending  bianch  of  (c);  and  the 
ascending  branch  of  (p)  is  very  similar  to  the  descending  branch 
of  (c).  We  may  connect  this  peculiarity  with  the  pecnliarities 
already  described  in  these  words  :— 

A.  current  passing  along  an  iron  wire,  which  is  being  magnetised, 
diminishes  the  apparent  susceptibility  of  the  wire ;  but  this  effect 
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ia  more  prononiiced  wben  the  wire  is  acqairing  a  longitadinal 
poUrit;  in  the  opposite  direction  to  that  in  which  the  linoai  current 
ia  flowing.  Hence,  during  any  cyclic  opeiation,  the  wire  tends  to 
acquire  an  aretage  polarity  in  the  same  direction  ae  that  in  which 
the  cDrraot  flows. 

These  effects  are  more  pronounced  the  stronger  the  linear  current 
ia  as  compared  with  the  maguetiung  field.  In  a  modeiate  cyclic 
field,  the  effect  of  the  linear  cnrrant  may  be  so  strong  as  to  prevent 
the  wire  ever  acquiring  other  than  one  kind  of  polarity.  For 
example,  this  effect  was  produced  in  a  field  ±  4,  with  a  current  of 
nearly  2  ampirea.  For  the  linear  current  in  one  direction  the 
(6)  curve  never  dipped  below  the  zero  intensity  line ;  and  for  the 
current  in  the  other  direction  the  curve  (c)  never  rose  above  it. 

On  the  other  hand,  in  stronger  magnetising  fields,  from  10  and 
npwards,  the  (b)  and  (c)  curves  for  the  eame  linear  current  of 
2  umpires  tend  to  terminal  coincidence,  but  diverge  at  the  intor- 
mediat«  etages.  It  is  proposed  to  study  mora  fully  these  relations, 
and  to  extend  the  investigations  to  nickel  and  cobalt. 

In  the  conrse  of  these  ezperimenta,  an  efTect  was  noticed,  which 
demonstratee  the  extraordinary  complexity  of  magnetic  distribution 
in  a  magnetised  wire.  If,  before  the  wire  hae  been  magnetised  at 
all,  a  current  is  passed  along  it,  no  appreciable  longitudinal  polarity 
is  produced,  as  measured  by  a  magnetometer  needle  placed  as  in 
the  above  experiments.  Suppose,  however,  that  the  wire  has  been 
pretty  strongly  nu^etised ;  and  that,  in  the  manner  discussed  by 
Auerbaob,  and  used  almost  nnivetsally  now,  the  wire  is  de- 
magnetised by  reversals  of  gradually  diminishing  magnetising 
currents  until  the  magnetometer  needle  etands  almost  exactly  at 
lera  It  is,  of  course,  generally  recognised  that  the  wire  so  de- 
magnetised cannot  be  regarded  as  being  in  anything  like  the  same 
condition  as  it  was  in  its  originally  unm^netised  state,  althou^ 
it  appears  to  have  lost  polarity.  That  this  view  is  correct  may  be 
at  once  demonstrated  by  nmply  pasung  a  pretty  strong  current 
along  the  wire,  when  a  very  pronounced  polarity  will  be  evidenced 
by  a  comparatively  laige  deflection  of  the  magnetometer  needle. 
Bevetsing  the  current  will  revene  this  polarity.  Heating  to  a  red 
heat  can  alone  truly  demonetise  an  iron  wire. 
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Closdng  Address.     By  The  Hon.  Lord  Mljaron. 
(Read  July  21,  ISSO.J 

Ab  the  Chairman  fot  thia  evaniog,  I  have  been  asked  by  the 
Council  to  lay  before  you  a  brief  summary  of  the  events  of  the 
sesaion,  which  will  conclude  the  public  business  of  the  session. 

In  thia  retrospective  view  the  most  interesting  point  is  the 
number  and  variety  of  the  papers  which  have  been  read.  Of  these 
there  were  in  all  74  papers,  of  which  19  were  in  the  department  of 
Natural  Philosophy,  16  in  Mathematics,  11  in  Chemistry,  1  in 
Geology,  8  in  Zoology,  1  in  Botany,  6  in  Physiology,  2  in  Anatomy, 
5  in  Meteorology,  2  in  Fhyaicol  Geography,  and  2  in  Philology. 
These  contributions,  I  may  say,  in  the  opinion  of  competent  jut^es, 
are  calculated  to  maintain  the  reputation  of  our  publicationB  for 
originality  and  accuracy.  In  the  present  aeasion,  moreover,  we 
have  had  two  important  contributions  in  the  department  of  philology 
and  literature,  for  which  we  are  indebted  to  Professor  Blackie.  In 
these  papers  the  author  emphasised  the  remarkable  fact  that  the 
Greek  language,  as  now  spoken  and  written,  is  substantially  the 
same  langoage  as  the  Greek  of  Lucian  and  Plutarch,  having  onder- 
gone  no  material  change  during  the  elapse  of  2000  jeaxa.  A  late 
learned  and  enthusiastic  French  Hellenist,  Monsieur  d'Eichthal, 
held  the  opinion  that  Greek  (I  will  not  call  it  Modem  Greek,  which 
I  take  to  be  a  misnomer)  will  one  day  take  the  place  of  Latin  as 
the  medium  of  correspondence  between  cultivated  men  of  all 
countries.  Without  going  quite  so  far,  we  mAy  at  least  point  to  the 
vitality  of  the  ancient  Greek  tongue  and  its  power  of  adaptation  to 
modem  requiremente  as  an  answer  to  the  arguments  of  those  who 
seek  to  discourage  the  study  of  classical  literature  at  our  nniveraitiea, 
on  the  ground  of  the  supposed  discordance  between  the  ancient  and 
the  modem  modes  of  thought  and  expression. 

A  more  true  explanation  of  the  comparative  decline  of  pure 
scholarship  and  the  preference  accorded  to  the  more  recondite  and 
perhaps  more  laborious  researches  which  are  necessary  for  the 
development  of  scientific  truth,  may  be  found  in  thia  observation  of 
M.  Benan: — "The  intense  satisfaction  attending  scientific  work 
arises  from  the  assurance  which  the  scientist  feels  that  he  labours 
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at  work  which  reposes  on  an  eternal  baais  of  fact,  and  of  which  the 
ohject  at  leant  is  eternal, — a  work  which  all  civilised  nations  feel 
bound  to  pnisne." 

Then  were  12  admissions  of  new  Fellows  this  session.  Last 
session  the  admissions  amounted  to  16 ;  whilst  during  the  three 
preceding  sessions  the  admissions  attained  the  average  nnmber  of 
36.  The  high  late,  therefore,  which  characterised  those  three 
sessions  has  not  been  maintained  either  in  this  session  or  the 
immediately  preceding  one.  But  the  admissions  have  been  more 
than  sufficient  to  maintain  the  numerical  efficiency  of  the  Society, 
notwithstanding  the  inevitable  diminution  of  its  numbers  through 
death.  It  is  with  regret  that  I  have  to  record  the  fact  that  duiing 
the  past  aession  the  Society  has  lost  ten  Ordinary  Fellows  and  one 
Honorary  Fellow  by  death.  Of  these  obituary  notjces  will  be 
forthcoming  at  the  proper  time  and  place,  but  I  may  be  per- 
mitted to  say  a  few  words  regarding  some  of  the  deceased  Fellows 
who  are  perBonally,  as  well  as  from  their  public  position,  known  to 
most  of  us  who  are  here  engaged  in  carrying  on  the  work  of  the 


Sib  Henbv  Yule,  an  Honorary  Fellow  of  this  Society,  was  bom 
at  Inveresk  in  May  1820,  He  was  destined  for  an  Indian  military 
career,  and  in  December  1836  he  joined  the  Bengal  Engineers. 
He  served  in  the  Sntl^  and  Punjab  campaigns,  and  during  the 
Mutiny,  and  was  afterwards  successively  Under-Secretary  and 
Secretary  of  the  Public  Works  Department  in  India.  In  1876  he 
was  appointed  a  Member  of  the  India  Council.  He  was  editor  of 
the  TraneU  of  Marco  Polo  and  of  many  other  hooks  of  medifeval 
adventure  in  Asia.  His  Glossary  of  Anglo-Indian  Terms  is  con- 
sidered a  very  valuable  work. 

Andrxw  Touno,  a  man  of  true  literaij  and  poetic  feeling,  died 
on  Saturday,  the  30th  November  1889.  He  hadattended  a  meeting 
of  this  Society  on  the  Monday  preceding.  After  a  brilliant  career 
in  arts  and  theology  at  the  university  of  this  city,  where  he  gained 
in  Professor  Wilson's  class  the  prize  for  the  best  poem  on  "  The 
Highlands,"  he  was  appointed  to  the  Head-Mastership  of  Niddrie 
School,  and  afterwards  became  English  Master  in  Madras  College. 
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He  regularly  attended  oni  meetiBga,  and  was  much  esteemed  by  liis 
friends  and  fellow-citizenB. 

Many  amongst  ne  will  remembei  the  portly  presence  and  genial 
manner  of  Patrick  Don  Swait,  who  waa  prorost  of  Kirkcaldy 
cootinnoualy  from  1842  to  1886.  The  celebrated  Thomas  Csrlyle 
assisted  him  as  tntor  in  his  early  life :  the  friendship  of  tutor  and 
scholar  was  unbroken  to  the  last.  During  the  provoetship  of  Mr 
Swan,  Kirkcaldy  became  prosperous  largely  through  hie  efforts,  and 
he  will  long  be  remembered  there  f oi  the  civic  improvemen  ts  he  did 
so  much  to  efiect,  and  for  his  mnnificence  to  the  poor.  He  died  on 
the  17th  December  1889. 

It  will  not  be  necessary  for  me  to  say  anything  further  r^arding 
our  mnch  esteemed  associate  Dr  Andrew  Graham,  as  an  obitnaiy 
notice  of  him  has  already  been  communicated  to  tbe  Society. 

Jameb  Leslie  was  educated  at  the  Univereity  of  Edinburgh,  his 
nncle  Sir  John  Leslie  being  then  professor  of  mathematics  ther& 
It  would  occupy  too  much  time  even  to  enumerate  the  various 
engineering  works  with  which  he  was  connected.  These  consisted 
chiefly  in  the  construction  of  docke,  in  increasing  the  water  supply 
of  cities,  and  in  fixing  the  limits  of  estuaries.  Among  his  other 
undertakings,  he  designed  a  plan  for  the  Monkland  Canal,  by  which 
empty  boats  could  be  conveyed  by  an  inclined  plane  instead  of 
throngh  locks.  This  ingenious  expedient,  which  foreshadowed  the 
ship  railway,  has  been  much  admixed  by  engineeis.  He  was  a 
liberal  subscriber  to  every  public  purpose.  He  died  on  29th 
December  1889, 

The  career  of  Dr  James  Lorimbr  is  too  well  known  to  render 
it  necessary  for  me  to  do  more  than  briefly  advert  to  it  heT& 
After  studying  at  the  nniversities  of  Edinburgh,  Qeneva,  Beriia, 
and  Bonn,  he  was  called  to  the  bar  of  Scotland  in  1845,  and  was 
appointed  successively  to  the  Principal  Lyon  Clerkship  and  to  the 
Chair  of  Public  Law  in  the  University  of  Edinburgh.  His  principal 
works  aro  the  Institute  of  Law,  which  has  been  translated  into 
Freuch  and  Spanish ;  and  his  Ttutituiea  of  the  Lata  of  Natiotu.  He 
was  the  only  Scottish  Professor  to  whom  the  high  distinction  of  an 
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honoratj  degree  was  accorded  by  the  TTniverBity  of  Bolc^:na  at  its 
OctfHwntenaty  in  1888.     He  died  on  Febniary  13,  1890. 

Sii  Fbtkb  Coats  was  Paislej'e  foremost  citizen,  eateeined  alike 
for  his  cbaiitable  besefkctions  to  the  poor  of  the  town,  as  well  as  for 
fais  prinoel;  gifts  to  the  commanity.  The  manafactariDg  firm  of 
which  Sir  Pater  was  at  &e  bead  employs  about  6000  peisons.  It 
was  to  his  libei&lity  that  Paisley  ia  indebted  for  the  buildings  of  its 
Public  Library  and  Hosenin,  costing  with  the  ute  about  ^18,000 
tn  recognition  of  this  gift  he  received  the  honour  of  knighthood. 
He  died  on  9th  Uarch  1690,  at  Algiers,  in  the  82nd  year  of 
his  age. 

Dr  Leonhard  Schhitz  vaa  bom  at  Eupen,  near  Aiz-la-Chapelle, 
in  1807,  and  settled  in  England  in  1637.  In  1644,  he  published 
from  the  notes  which  he  had  taken  in  the  class-ioom  at  Bonn  two 
volumes  of  Niebuhr's  Lectures  on  Roman  History,  for  which  the 
King  of  Prussia  awarded  to  him  the  great  gold  medal  for  literature. 
In  1646  he  was  appointed  rector  of  the  Royal  High  School  at 
Edinburgh,  He  was  selected  to  give  lectures  in  history  to  the 
Prince  of  Wales  and  to  the  Duke  of  Edinburgh,  while  the  Due 
d'Aumale,  tiie  Prince  de  Joinville,  and  the  Due  de  Nemours  placed 
their  sons  under  his  tuition  at  the  Hi^  School.  After  leaving 
Edinburgh  he  held  vaiions  appointments  connected  with  the  higher 
education  of  the  country.  He  was  projector  and  editor  of  The 
Clatncal  Mmeum,  wrote  several  historical  works,  and  contributed 
largely  to  the  great  classical  dictionaries,  to  the  EncyelapcBdia 
BrUamtica  and  other  publications.     He  died  at  the  age  of  83. 

On  looking  over  the  work  done  in  the  last  session,  and  the 
papeis  in  onr  Frantaetiont  recently  published,  we  cannot  faU  to 
remark  that  some  of  the  most  important  communications  come  from 
the  laboratories  of  the  Uiiiversities  of  Edinbui^h  and  Glasgow,  and 
from  the  laboratory  recently  founded  in  this  city  by  the  Royal 
College  of  Physicians.  The  Firth  of  Forth  also,  which  Professor 
Ray  Lankester  has  called  "the  classic  sea  of  naturalists,"  has 
furnished  materials  in  its  founa  for  important  biological  work. 

It  will  be  noticed  that  the  elaborate  investigations  of  our  Secretary, 
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Professoi  Tait,  on  the  Theory  of  Kaot  Foims,  have  induced  oUter 
ecieutista  in  England,  in  the  United  States  of  America,  and  on  the 
Continent,  to  follow  hiqi  in  the  same  department  of  reaearcb,  and  to 
give  to  oar  Society  valoable  communicationa  on  these  subjects.  I 
tiiink  ve  may  also  attribute  to  the  some  source  the  revival  fA 
interest  in  the  abstruse  subject  of  the  Quaternion  Calculus  with 
vhich  the  name  of  my  diatingnished  friend  is  largely  identified. 

It  is  also  pleasing  to  observe  that  many  papsia  have  been  received 
from  comparatively  young  men,  who,  after  distinguishing  themselves 
at  the  university,  now  hold  important  appointments  in  distant 
colonies  and  dependencies  of  the  Empire  and  among  the  old  and 
rapidly  advancing  nations  of  the  estreme  East 

I  have  now  only  to  announce  the  conclusion  of  the  public  business 
of  the  session  of  1890. 
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Meeting  of  the  Koyal  Society — Seeaion  1889-90. 

Monday,  25tk  November  1889. 

Oeneral  Statutoiy  Meeting.    Election  of  Office-Beaien.    P.  xvii.  1. 

Monday,  2«d  December  1889. 
Frof.  Sir  Douglas  Maclagan,  Vice-President,  in  the  Chair. 
The  following  Communications  were  road: — 

1.  On  the  Transfonnation  of  LaplaceV  Coefficieutn.  By  Dr  0.  Plajul 
Commanicated  by  Professor  Tait.     T.  ixxvi.  18. 

2.  Preliminaiy  Note  on  the  Thermal  Conductivity  of  Alumininm. 
Bf  A.  Cbichtcn  Mitcheli,  Esq.,  B.Sc. 

3.  On  Coral  Reefs  and  other  Carbonate  of  Lime  FormatiouH  in 
Modem  Seas.  By  John  Mubbat,  X.L.D^  and  Bobert  Irtine,  F.C.S. 
{With  Lantern  lUustnUwni.)    P.  xviL  7fi- 

The  following  Candidates  fot  Fellowship  were  balloted  for,  and 
declared  duly  elected  Fellows  of  the  Society : — 

Pro£  Balfh  Copeland,  Aetronomer-Boyal  for  Scotland. 
O.  A.  Oibeon,  M.A. 

Monday,  J&th  December  1889. 

Sir  Arthur  Mitchell,  E.C.B.,  LLC.,  Yice-Preaident,  in  the  Chair. 

A  series  of  Photographs  of  Stars  and  Nebulte,  presented  by  Isaac 
BOBEBTS,  Eaq. ;  and  Photographs  of  Lightning  taken  in  Natal,  presented 
by  C.  W.  Uethvbn,  Esq.,  were  exhibited. 

The  following  Communications  were  read  : — 

1.  Note  on  Cayley's  Demonstration  of  Pascal's  Theorem.  By  Thoiiab 
Mma,  M.A.,  LL.D.    P.  ivii.  18. 

2.  On  Self-Conjugate  Permutations.    By  Thomas  Moie,  M.A.,  LL.D. 

P.  ITii.  7. 

3.  On  a  Rapidly  Converging  Series  for  the  Extraction  of  the  Square 
Root    By  Thomas  Muih,  M.A.,  LL.D.    P.  xvii.  14. 

4.  On  some  Quaternion  Integiala    By  Professor  TjUT. 

6.  On  the  QUesette  of  a  Hyperbola.    By  the  Same.    P.  xvii.  2. 
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6.  On  certain  SubstanccB,  found  in  the  Urine,  which  reduce  the  Oxide 
of  Copper  upon  Boiling  in  the  PrcBence  of  on  AlkalL  By  Hirbe&t  H. 
Abhqown,  M.D.    P.  i¥il  58. 

7.  Enzyme  Action  in  the  Lower  OiganismB.  By  O.  E.  CaktwbiqBT 
Wood,  M.D.,  B.8c.    Communicated  by  Dr  Woodhead.    P.  xviL  87. 

8.  Observations  upon  the  Structure  of  a  Oenua  of  OUgochteta  belmg- 
ing  to  the  Limicoline  Section.  By  Foase  £.  Bbddabd,  Esq.,  H.A- 
P.  xTiL  6  {Abdraet) ;  T.  xjxtL  1. 


Monday,  6tA  January  1890. 

Ths  Hon.  Lord  TdaLaren,  LLD.,  Yicfr^Preddent,  in  the  Chair. 

A  Photof^ph  of  a  Group  of  Snn  Spots  and  of  the  Sun's  Surface,  pie- 
sented  by  Jaues  Nasuitb,  £»q.,  was  exhibited. 

The  following  Commanicationa  were  read : — 

1.  Obituary  Notice  of  Sir  James  Falehaw,  Bart.    By  Bailie  HnsBKLt* 
B.Sc,  M.B.    P. 

2.  The  Effect  of  Friction  on  Tortex  Motion.    By  Professor  Tait. 

3.  On  the  Conneotions  of  the  Inferior  Olivary  Body.    By  Albxahdkr 
Bruce,  M.A,,  M.D.    P.  ivii.  23. 

4.  The  Internal  Condensation  of  some  Diketones.    By  W.  H.  Pzrkis^ 
D.SC,  Ph.D. 

The  following  Candidates  for  FeUowship  vera  balloted  for,  and 
declared  duly  elected  Fellowa  of  the  Society ; — 
David  Hepbdrn,  M.B. 
William  Hbkry  White,  F.R.S. 


Monday,  ^Qth  January  IS90. 

Sir  William  Thomson,  F.RS.,  President,  in  the  Chair. 

An  Obituary  Notice  of  Dr  Andrew  Graham,  R.N.,  by  Johh  Bouakes, 
Esq.,  W.S.,  was  read  by  the  Qeneial  Secretary. 

The  following  Communications  were  read : — 

1.  On  Electrostatic  Stress.    By  the  Pbesidbnt. 

2.  The  Volcanic  Eruption  at  Bandaiaou  in  Japan.     By  Professor  C. 
Michte  Suite.    P.  xvii.  6S. 

3.  On  a  Curious  Set  of  Fog-Bows.    By  Professor  Heddu. 

4.  On  the  Nature  of  a  Voluntary  Muscular  Movement    By  J.  BEnnr 
Haycraft,  M.D.,  D.Sc    P.  xvii.  176  (X&sfnut). 
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Monday,  27rt  Janvary  1890. 

The  Itev.  Professor  Flint,  D.D.,  Vic»-Freaiilent,  in  the  Chair. 

The  fullowiog  Communication  was  read  : — 

On  Evolution  and  Man's  Place  in  Nature.  Bj  ProfesBor  Calderwood, 
LL.D.    P.  ivii  71. 

Monday,  Zrd  Ftbrmry  1890. 
Sir  William  Thomaon,  F.R.S.,  President,  in  the  Chair. 
The  following  CommuQicatious  were  nad : — 
1.  New  Eatimatea  of  Molecular  Distance.    By  W.  Feddib,  D.Sc. 
8.  On  the  OraTimetric  Composition  of  Water.    Bj  Prof.  DimiAB. 

3.  On  the  Number  of  Dust  Particles  in  the  Atmosphere  of 
certain  Places  in  Qieat  Britiun  and  on  the  Continent,  with  remarks 
on  the  Relation  between  the  Amonnt  of  Dust  and  Meteorological 
Phenomena.     By  JOHN  AlTEEH,  Esq.,  F.R.S.     P.  xvii.  193. 

4.  Note  on  some  Barometric  Curves  in  Relation  to  the  Strength  of 
Wind  at  Ben  Nevis  Observatory,  by  Dr  Albx.  Bdchah,  was  postponed. 

The  following  Candidates  for  Fellowship  were  balloted  for,  and 
declared  duly  elected  Fellows  of  the  Society : — 
Amrrn  Tahaeadate. 
The  Rev.  Gboboe  MATaraoK,  U.A.,  B.D.,  D.D. 


Monday,  17(A  Ftlyrvary  1890. 
Sir  William  Thomson,  F.B.S.,  President,  in  the  Chair. 
The  following  Communications  were  read : — 
1.  On  Descartes'  View  of  Space  ;  and  Sir  William  Thomson's  Theory 
of  Extended  Matter.    By  S.  Toltbr  PBEaroM,  Esq. 

S.  A  New  Synthesis  of  Dibasic  Carbon  Acids.  By  Fro£  Came  Browm, 
P.  ivii.  53  {AhAma).     T.  xiivi.  211. 

3.  On  the  Electrolysis  of  Potassium-Ethyl  Malonate  and  of  Potassium- 
Ethyl  Sncdnate.  By  Prot  Ckuu  Bbown  and  Jakes  Walker,  D.Sc. 
P.  xrii.  H  {Ahdrna). 

4.  The  Action  of  Sodinm  Carbonate  and  Bromine  on  Solutions  of 
Cobalt  and  Nickel  Salts.    By  Dr  Gibson.    P.  xvii  06  {AlMraU). 

5.  On  the  Swimming  Bladder  and  Flying  Powers  of  Dactyloptenu 
volitani.  By  W.  Caldebwood,  Esq.  Commnnicated  by  Pro£  Ewabt. 
P.  xvil  132. 
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Friday,  28th  Fdnrvary  1890. 
Sic  Douglas  Maclagan,  M.D.,  Yice-Preeident,  m  the  Ch&ii; 
The  following  Communicalions  were  read : — 

1.  Stnicture  and  Contractioti  of  Striped  Mascular  Fibn  of  Cnb  and 
Lobster.    By  Pro£  Kdthbefobd.    P.  xvii.  146  {Abttrad). 

2.  The  Histology,  Functions,  and  Development  of  the  Carapace  of  the 
Chelonia.    By  John  Bkrbt  Hi.TciurT,  M.D.,  D.Sc 

3.  HuBcular  Contraction  following  rapid  Electrical  Stimnlation  of 
Central  Nerrous  System.  By  John  Bbrbt  Haicraft,  M.D.,  D.Sc  P. 
XTiL  178  {Abttract). 

Monday,  Sret  March  1690. 
Sir  William  ThomBOQ,  F.B.8..  Pieaident^  in  the  Chair. 
The  following  Commuuicationfl  were  read : — 

1.  Note  on  Ripples  in  a  Viscous  Liqnid.    ByPiof  Tait.    P.  xviLllO; 

2.  A  Geometrical  Method,  based  on  the  Principle  of  Translation.  By 
D.  Mavbb,  Esq.     Commnnicated  by  Dr.  T.  Mnia.     P.  xvii.  186. 

a  Phases  of  the  Livi:^  Greek  Language.  By  Emeritos  Prut.  Blackiz. 
T.  xxxvi.  46. 

Dt  John  C.  M<Vail  was  balloted  for,  and  declared  to  be  duly  elected  a 
Fellow  of  the  Society. 

Monday,  17 ih  March  1890. 

8ii  William  Thomson,  F.R.S.,  President,  in  the  Chair. 

The  foUowing  Communications  were  read : — 

1.  An  accidental  Illnstiation  of  the  Effective  Ohmic  Resistance  to  a 
Transient  Electric  Current  through  an  Iron  Bar.  By  Sit  Wu.  Thoiuox. 
P.  xviL  157. 

5.  The  Absorption  Spectra  of  Certain  Vegetable  Colouring  Matters. 
By  Prof.  C.  Michtb  Smith.    P.  rvii.  121. 

3.  On  the  Solution  of  Uie  Three-Term  Numerical  Eqnstionof  the  nth 
D^ree.    By  the  Hon.  Lord  U'Larek.    P.  xvii.  270. 

4  The  detennination  of  Surface-Tension  by  the  Measarement  of 
Ripples.    By  ProE  C.  Michie  Smro.    P.  xvii.  115. 

6.  On  a  Mechaaism  for  the  Constitution  of  Ethec :  illnstnled  by  a 
model.    By  the  President.    P.  xvii.  127. 
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Monday,  7l&  April  1890. 
Professor  Balph  CopeUnd,  Ph.D.j  in  the  Chair. 
The  followiDg  Communications  were  read : — 

1.  Notes  on  the  Solution  of  certain  Equations.  Bj  R.  E.  Allardicb, 
Esq.,  M.A.    P.  xvii.  139. 

S.  Some  Multinomial  Tlieoiems  in  Qnatemions.  By  the  Bev.  M.  U. 
U.  W11.KINBON.    Communicated  by  Professor  Tait.    P.  xvii,  149. 

3.  On  the  Reflezion-CansticB  of  STmmetrical  Curves.  By  the  Hon. 
Lord  M'Lahen.    P.  xvii.  S61. 

4.  An  Inquiry  concerning  Spontaneooa  Generation.  By  J.  Ouveb, 
M.D. 

5.  Notes  on  Uie  Zodiacal  Light  By  Professor  C.  Michiz  Shith.  P. 
zriL  142. 

6.  Special  Int^jrals  of  some  Linear  Partial  Differential  Equations, 
irith  constant  Coefficients.    By  Professor  Tait. 

Monday,  6I&  May  1890. 

Sir  Arthur  Mitchell,  Vice-President,  in  the  Chair. 

The  following  Commnnications  were  read : — 

1.  Adamantiob  EoBAEa,  and  his  fieformati<m  of  the  Greek  Language. 
By  Emeritus  Professor  Blackik.    T.  xxxvi  67. 
i.  The  Anatomy  of  the  Antipatharia — Part  2.  Schizopatlmue.      By 

OXOBGE  BbOOK,  Esq. 

Mimday,  \^th  May  1690. 
Professor  Chryata],  LL.D.,  Vice-President,  in  the  Chair. 
The  following  Communications  were  read  : — 

1.  Obituary  Notices:  —  of 

Dr  Edmond  Ronalds.    By  J.  Y.  Bcchanak,  Esq.    P. 

J.  J.  Coleman,  Esq.  1      «    ^  ,         „  „ 

Professor  Dondeis.   /     ^7  J^f^^sor  M'KEifDRiCE.    P. 

S.  On  the  Synthesis  of  Sebacic  Acid.  By  Professor  Cbum  Browm 
and  Dr  Walkkr.    P.  lyii.  180  {AUtroet).    T.  xiitL  211. 

3.  Note  on  soma  remarkable  Quartemion  Formulae.  By  Professor 
Tait. 

4.  On  the  Boots  of  the  Auditory  Nerre,  and  theit  connections.  By 
Dr  Albzakdek  Bbdcb,  F.B.C.P.E. 
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Monday,  2nd  June  1890. 
Prof.  Sir  Douglas  Maclagan,  M.D.,  Vice-President,  in  the  Cliwr. 
The  following  Communications  were  read : — 

1.  On  the  Itelation  of  Optical  Activity  to  the  Character  of  the  Radicals 
united  to  Aajmrnetric  Carbon  Atom.  B7  Professor  Crdh  Bbowh,  F.RS. 
P.  »¥iL  181. 

S.  On  the  Moan  Level  of  the  Surface  of  the  Solid  Earth.  By  Hcqh 
EOBEBT  UU.L,  D.80.    P.  iviii.  186. 

3.  Weietatrasf^  Contrihntions  to  the  Calculus  of  Voriationa.  By  J, 
dROCKETi,  Eeq.    Commtinicated  by  Professor  Tait. 

4.  Barometric  Itecord  in  the  Vicinity  of  a  Tornado.  By  John  Akdea- 
SON,  Esq.    CommnnicAted  by  Dr  Bcghah. 

The  following  Candidates  for  Fellowship  were  balloted  for,  and 
declared  duly  elected  Fellows  of  the  Society : — 
Dr  J.  J.  Cbablbb,  M.A. 
B.  L.  MoND,  B.A.  Cantab. 


Monday,  IBA  June  1890. 
The  Hon.  Lord  M'Loren,  Vice-Fieaident,  in  the  Chair. 
The  following  CommunicationB  ware  read : — 

1.  List  of  West  Australian  Birds ;  showing  their  Oeograpbical  Distri- 
bution throughout  Australia,  including  Tasmania.  By  A.  J.  Cahfbkll, 
Esq.,  Melbourne.  Communicated  by  the  Rev.  Dr  MacOrbooil  P. 
xviL304. 

2.  On  a  Bifference  between  the  Diuma!  Barometric  Curves  at  Green- 
wich and  at  Kew.    By  Albiandee  Buckan,  Esq.,  LL.D. 

3.  On  the  General  Formuhe  for  the  Passage  of  Light  tlirough  a 
spherically-arranged  Atmosphere.    By  E.  Sang,  Esq.,  LL.D. 

4.  On  a  remarkable  Barometric  Beading  at  the  Ben  Nevis  Obeervatoiy 
on  April  8,  1890.    By  Alkz.  Bochan,  LL.D. 

5.  aynthesis  by  means  of  Electrolysis— Part  III.  Syntheajs  of 
n-Dicarbodecahexanic  Acid.  By  Professor  Cbdu  Brown  and  Dt  Jaiub 
Walkkr.    p.  xvii.  293. 
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Monday,  7tk  Jvly  1890. 

Sii  William  Thomson,  President,  in  the  Chair. 

PRIZES. 

The  Gunning  Victoria  Jubilee  Prize  for  1887-90  was  presented  to 

Professor  Tait,  for  his  work  is  connection  with  the  "  Challenger " 

Expedition,  and  hia  other  Reaearches  in  Physical  Science. 

The  Preaident,  on  presenting  the  Prize,  said : — 

This  vork  vas  primarily  undertaken  by  Professor  Tait,  for  the 
purpose  of  correcting  thermometric  obserTations  affected  in  a  com- 
plex manner  by  the  severe  and  varying  picssuree  to  which  the 
instruments  were  subjected,  and  deducing  the  true  temperatures  of 
the  wat«r  at  the  great  depths  explored  in  the  "  Challenger  "  expedi- 
tioa  Even  had  the  investigation  been  confined  to  this  object  alone, 
it  most  have  included  highly  interesting  researches  regarding  the 
thermoelastic  qualities  of  water,  mercury,  and  glass.  But  a  mere 
knowledge  of  the  temperature  at  all  depths  in  the  seas  and  oceans 
has  comparatively  little  interest  or  importance  in  science  without 
knowledge  of  physical  properties  of  sea  water,  such  as  compressi- 
bility and  thermal  expansivity  at  pressures  corresponding  to  all  the 
dept^  Particularly  the  t«mperature  of  maximum  density  for  any 
given  pressure,  which  is  a  property  calculable  from  the  other  two,  is 
of  supreme  importance  in  explaining  the  observed  results  of  thermo- 
metric determinations  in  water  over  submarine  slopes  and  under  the 
leveb  of  the  lips  of  submarine  basins,  and  using  the  results  for  the 
theory  of  the  great  oceanic  circulations.  Accordingly,  Tait  has 
included  all  these  subjects  in  his  investigation,  which,  carried  on 
with  exemplarily  det«rmined  perseverance,  and  with  pecuhar  akill 
and  inventiveness,  through  six  years,  has  added  to  science  a  valu- 
able body  of  results  regarding  the  compressibility  and  expansivity 
of  fresh  water  and  sea  water  at  diSerent  temperatures  and  pressures, 
the  compressibilities  of  water  with  different  proportions  of  common 
salt  in  solution,  and  the  compressibilities  of  glass. 

Many  of  us,  who  have  seen  something  of  the  work  from  time  to 
time,  will  remember  with  vivid  interest  the  great  Woolwich  and  the 
small  Edinburgh  guns,  and  the  wonderful  appliances  for  producing 
and  measuring  the  enormous  pressures  up  to  467  atmospheres  (3 
tons  we^ht  per  square  inch)  which  were  used,  and  their  effects  on 
the  apparent  bulk  of  mercury  in  glass.  But  I  am  afiaid  I  have 
misused  the  word  apparent :  we  saw  neither  mercury  nor  glass,  bat 
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were  told  they  were  there,  Bcreened  from  out  eyes  by  43  millimettes 
of  ateeL  Electric  contacts  made  by  mercury  on  fine  platinum  wirea 
as  it  rose  in  the  glass  tube,  forming  a  long  neck  to  an  inverted 
bottle  of  water,  showed,  by  electric  signala  outside  the  gun,  the 
volumes  of  the  compreased  mercury  as  meaaored  by  the  less  com- 
pressed glass  meaaure,  with  the  different  pieesuraa  ahown  by  a  proper 
pressure  measarer  at  the  timea  of  the  electric  aignals.  Tait  com- 
municated this  novel  and  ingenious  method  of  measuring  an  anseen 
liquid  by  an  unseen  measuring  vessel  in  a  space  subjected  to  a 
pressure  of  hundreds  of  atmospheres  to  Amagat,  at  a  critical  time  in 
the  couree  of  his  great  work  when  it  was  much  needed,  and  proved 
moat  valuable.  In  return,  Amagat  gave  Tait  the  pressure-measuring 
instrument,  which  was  as  great  an  acquisition  to  him  as  Tait'a  inven- 
tion was  to  Am^at. 

The  Royal  Society  awards  to  Professor  Tait  for  this  work  the 
Gunning  Victoria  Jubilee  Prize.  It  will,  I  am  sure,  be  gratifying  to 
Dr  Gunning,  the  founder  of  this  prize,  that  so  valuable  a  conteibntion 
to  science  has  earned  it  for  the  period  1S87-90. 

Tlie  Keith  Prise  for  1887-89  was  presented  to  Frofeaeor  Letts, 
for  his  Uesearches  into  the  Oigauic  Compounds  of  Phosphorus. 

Professor  Crum  Brown,  on  presenting  the  Prize,  said  : — 
The  Council  has  awarded  the  Keith  Prize,  for  the  biennial  period 
1887-1889,  to  Profeasor  Letts,  for  his  papers  on  the  Organic  Com- 
pounds of  Phosphorus.  The  work  was  difGcult^  and  baa  been  very 
thoroughly  done,  and  the  resulto  are  of  great  interest.  The  apocial 
dif&cnlty  arose  from  the  nature  of  the  substances  to  be  dealt  with, 
and  also  from  the  want  of  a  trustworthy  mode  of  determining  the 
quantity  of  phosphorus  contained  in  them.  The  latter  dif&culty 
Professor  Letts  has  completely  got  over,  and  baa  devised  a  method 
by  means  of  which  the  phosphorus  in  these  compounds  can  be 
accurately  determined.  The  special  interest  of  these  inveetigations 
depends  on  the  remarkable  similarities  and  equally  remarkable  dis- 
similarities shown  by  the  correspondii^  compounds  of  phoephorus, 
nitrogen,  and  sulphur.  It  waa  indeed  the  deeire  to  trace  out  these 
analogiea  and  differences  through  a  large  series  of  compounds  that 
led  Profeasor  Letts  to  undertake  what  has  turned  out  to  be  a  very 
laborious  piece  of  work.  This  steady  purpose  has  given  unity  to  a 
considerable  series  of  papera,  in  some  of  which  Professor  Letts  had 
the  collaboration  of  hia  assistant  Measrs  Collie,  Wheeler,  and  Blake 
have  thus  aucceasively  shared  iu  this  important  investigation. 
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The  NeiU  Prize  for  1886-89  was  presented  to  Mr  Robert  Eidaton, 
for  bis  Eesearcbee  in  Fossil  Botany. 

Profemor  James  Geiiie,  on  presenting  tbe  Prize,  said : — 
In  Scotland,  geological  science  has  been  for  many  years  prosecuted 
cbiefly  in  ita  physic^  departmeutfl.  Not  is  this  to  be  wondered  at 
when  one  considers  tbe  generally  unfoasiliferouB  cbaractei  of  Scottish 
rocks,  and,  on  the  other  hand,  the  many  interesting  problems  which 
the  intricate  structure  of  our  country  presents,  Dr  Uutton,  tbe  father 
of  physical  geology,  is  the  characteriattc  product  of  auch  a  countiy 
aa  this,  just  se  William  Smith,  the  father  of  historical  geology,  is 
the  typical  product  of  England,  with  its  long  and  orderly  succession 
of  fossiliferons  systems.  Tbe  richly  fosBiliferous  Itfesozoic  and 
Tertiary  strata,  which  occupy  so  large  a  part  of  tbe  sister  countiy, 
are  very  sparingly  deyeloped  here.  The  paleeontologist  with  ua  has 
to  content  himself  with  much  older  strata,  which,  after  all,  are  only 
locally  fossiliferons,  and  with  a  few  meagre  repreaentatiTeB  of 
younger  sy atoms.  limited  as  are  the  opportunities  for  tbe  pro- 
secution of  palteontological  research  in  Scotland,  we  have  yet  never 
wanted  able  investigators  in  this  branch  of  edence.  Few  of  these, 
however,  have  worked  much  in  the  department  of  fossil  botany. 
Doubtless  this  is  largely  due  to  tbs  difficulties  that  beset  tbe  study 
itself.  The  evidence  with  which  the  palSBopbytologist  has  to  deal  is 
ofteQ  very  hard  to  understand,  and  its  interpretation  demands  a 
wider  and  more  profound  knowledge  of  the  structure  of  living  and 
extinct  forms  than  is  generally  required  in  the  study  of  invertebrate 
paleaozoology.  When  one  glances  over  the  contents  of  a  palnon- 
tological  museum,  one  can  readily  onderetand  why  the  study  of 
extinct  animal  life  baa  come  to  be  more  assiduously  cultivated  than 
fossil  botany.  The  contrast  between  the  more  or  less  perfect  state 
of  preservation  of  many  of  tbe  corals,  shells,  and  other  invertebrates, 
and  the  fragmentary  character  of  the  plant-remains — the  flotsam  and 
jetsam  of  vanished  rivers,  lakes,  and  seas — is  quite  sufficient  to 
account  for  the  preference  that  is  given  to  paheozoology.  When  a  com- 
petent investigator,  therefore,  devotes  himself  to  tbe  difficult  study 
of  fossU  botany  he  ia  deserving  of  every  encouiagement;  and  when 
his  researches  bave  resulted  in  eminent  success,  they  must  claim  the 
ungrudging  appreciation  of  all  who  wish  well  to  geological  science. 
The  researches  in  which  Mr  Sobert  Kidston  has  been  engaged  have 
made  his  reputation  amongst  geologists  everywhera  Trained  in 
botanical  science  by  the  late  Professor  Dickson,  under  whom  he 
studied  for  some  years,  lAi  Kidston  took  up  the  somewhat  ungrateful 
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studf  of  palEeophjtology,  devoting  himself  more  particularly,  as 
might  have  been  expected,  to  palffiosoic  botany.  In  tliis  department 
of  ecience  he  has  contributed  upwards  of  thirty  papers — all  of  which 
are  characterised  by  accurate  observation  and  clear  definition  and 
description. 

One  of  the  principal  Qhjects  of  his  studies  has  been  to  determine 
the  affinities  of  palceozoic  genera  and  species  with  those  of  Bxistiog 
forms.  With  thia  view  he  has  described  the  fructification  of  a 
number  of  carboniferous  ferns  and  lycopods,  and  has  abo  given 
special  attention  to  the  arborescent  lycopods  of  the  same  great 
system.  Another  important  object  he  has  constantly  kept  before 
him  has  been  the  working  out  of  the  horizontal  and  vertical  distri- 
bution of  the  carboniferous  plants  of  Brittdn.  He  has  consequently 
been  led  to  compare  the  plant-remains  of  the  several  British  coal- 
fields with  each  other  and  with  those  of  the  coalfields  of  other 
countries,  and  has  thus  thrown  much  wished-for  light  on  the  rela- 
tive age  of  widely  separated  areas  of  carboniferous  strata. 

Mr  Kidaton's  more  important  papers  have  generally  appeared  in 
the  Transactions  of  this  Society.  The  first  of  the  series,  dealing 
with  the  fossil  flora  of  definite  areas,  was  his  "  Report  on  the  Fossil 
Plants  collected  by  the  Qeological  Survey  in  Eskdale  and  Liddes- 
dale  "  (Trant.  Roy.  Soc.  Edin.,  vol.  xxx.),  which  was  followed  at 
intervals  by  papers  on  the  "  Fossil  Flora  of  the  Rodstock  Series  of 
the  Somerset  and  Bristol  Coalfield"  {Ibid.,  vol.  xsxiii.),  "On  some 
Fossil  Plant't  from  Teilia  Quarry"  {Ibid.,  vol.  zxxv.),  and  "On 
the  Fossil  Flora  of  the  Staffordshire  Coalfields"  {Ibid.,  vol  xxxv.). 
Several  papers  treating  of  the  fructification  of  ferns  have  likewise 
appeared  from  time  to  time  in  the  publications  of  this  Society  and 
the  Royal  Physical  Society,  as  abo  in  the  Annali  and  Magazine  of 
Natural  Hiiton/;  while  the  same  subject  has  been  dealt  with  by  Mr 
Kidston  in  his  papers  descriptive  of  the  flora  of  various  coalfields. 
His  wide  and  accurate  knowledge  of  his  eubject  was  recognised  by 
the  authorities  of  the  British  Museum,  who  requested  him  to  pre- 
pare the  Catalogue  of  Palceozoic  Plants  in  the  Museum  (1686). 

For  the  great  eeal  with  which  he  has  puiaued  his  reeearebes,  and 
the  extensive  additions  to  our  knowledge  which  have  resulted  from 
his  labours,  the  Council  of  the  Society  has  deemed  Mr  Kidston  well 
worthy  to  receive  the  Neill  Prise. 

The  following  Communications  were  read  : — 

1.  On  the  Submarine  Cable  Problem,  with  Electromagnetic  Induction. 
By  the  President. 

2.  Synthesis  by  means  of  Electrolysis — Port  IV.    Synthesis  of  Suberic 
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and  n-Uicarbododecauic  Acid.    By  ProfeaaorCanii  Brown  and  Dr  Jambs 
Walkbr.    p.  xvii.  299  (Abttrad) ;  T.  uxvL  211. 

3.  Graphic  Records  of  Impact    By  Prof.  Tait.    P.  xvii.  l9S(Xiwirad); 
T.  xsivi. 

4.  On  the  Redaction  of  certain  Algebraic  EquationB.    By  the  Hon. 
Lord  M'Lares. 

6,  Preliminary  Experiment  on  the  Theimal  Conductivity  of  Alumi- 
aium.     By  Professor  A.  Cbichton  Mitchbll,  D.Sc    P.  xvii.  300. 

6.  Fhannacologj  of  Morphine  and  its  Derivatives.    By  Balph  Stock- 
man, M.D.,  F.R.C.P.E.,  and  D.  B.  Dorr,  Esq.,  F.C.S.,  F.I.C.    P.  xvii.  321. 

7.  On  the  Foaail  Flora  of  the  Potteries'  Coal-Field.    By  R,  Kidston, 
Esq.     r.iiivi. 

8.  Larix  europaa  as  a  Breeding- Place  for  Hyhtmut  piniparda.     By  Dr 
W.  SoKEEViLLB.    P.  xvii.  255. 

The  following  Candidates  for  Fellowship  were  balloted  for,  and 
decla^  duly  elected  Fellowa  of  the  Society : — 
JoHNBTONB  Chribtib  Wrioht. 
T.  D.  Brodib,  W.S. 
T.  A.  Hblue,  M.D. 


Monday,  21st  J-aly  1690. 
The  Hod.  Lord  M'Laren,  Vice-President,  in  the  Chair. 
The  following  CommunicatiouB  were  read : — 

I.  On  the  Telluric  Lines  of  the  Solar  Spectrum.    By  Dr  L.  Becker. 
Communicated  by  Prof.  Copeland.     T.  xxxvi. 

3.  Some  Points  in  the  Physics  of  Golf.     By  Puof.  Tait. 

3.  On  the  Fishes  of  the  Oil-Shales  of  Midlothian  and  Linlithgowshire. 
By  Dr  B,  H.  Traqcair,  F.R.S. 

4.  List  of  the  FoBsil  Dipnoi  and  Ganoidei  of  Fife  and  the  Lothians. 
By  the  Same.     P.  xvii.  386. 

5.  The  Knot-Forms  of  the  Eleventh  Order.    By  Prof.  Little  of 
Nebraska.    Communicated  by  Prof.  Tait.    T.  xxivi. 

6.  On  the  Electrodynamic  Equations.    By  Prof.  Tait. 

7.  Note  on  Electrolytic  Pobrisation.  By  ILL.  MoNB,Esq.  P.  xvii.302. 

8.  On  the  Interaction  of  Circular  and  Longitudinal  Ui^etisations. 
By  Prof.  KsoTT.     P.  xvii.  401. 

9.  Notes  on  the  Ammonia  and  Oiganic  Matter  in  Expired  Air.     By 
Dr  Hdhtbb  Stewart. 

10.  A  new  method  for  determining  Phosphorus  in  Organic  Phosphorus 
Compoonds.    By  Prof.  Lbits  and  R.  F.  Blacb,  Esq.     P.  xvii-  362. 

II.  Remarks  on  the  work  of  the  Session.    By  the  Cbairuas.    P.  wii. 
406. 
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Dooationa  from  Anthon  to  the  library  of  the  Royal  Society 
daring  1890. 

Adanu  (Prof.  J.  C),  M.A.  L  On  the  Calculation  of  tfae  BernonUian 
Nnmben  from  B„  to  B„  II.  On  the  Mean  Places  of  84  Funda- 
mental Stara,  ae  derived  from  the  places  given  in  the  Qreenwich 
Catalogues  for  1840  and  184&  when  compared  with  those  naolting 
from  Bradley's  Observations.    4to.    Cambridge  [1690]. 

Aikman  (C.  U.),  M.A.  Nitrogen  :  its  Uses  and  Sonrces  in  Agiicnituce. 
8vo.    Gl«^w[1890]. 

Bonaparte  (Le  Prince  Boland).  Le  Premier  iltabliBsement  des  'S&ei- 
landais  k  Manrice.    4to.    Paris,  1890. 

Le  Olader  de  I'Aletsch  et  le  Lac  de  M^elen.    4ta    Paris,  1889. 

La  Norvige  et  la  Corse.    8vo.    Oenive,  1889. 

Campbell  (Arch.  J.).  Neats  and  Eggs  of  Anstrolian  Biids,  embracii^ 
Papers  on  "Oolog)'  of  Australian  Birds"  read  before  the  Field 
Naturalists'  Club  of  Victoria.    8vo.    Melbourne,  188a 

Cajley  (ArthnrX  Sc.D.,  F.RS.  Collected  Mathematical  Papers.  Vol. 
IIL    4to.    Cambridge,  1880. 

Congr^  International  de  Bibliographic  des  Sciences  Math^matiqnes, 
tcnu  k  Paris  dn  16  an  19  Jnillet,  1889,  Proc^- Verbal  Sommaire. 
8to.  Paris,  1889. — Fnm  L»  Minutirt  in  Commerce,  dt  Clnduttrit  et 
del  Coloniet. 

Dana  (James  D.),  LL.D.  Corals  and  Conl  Islands.  3rd  ed.  8vo. 
New  York  [1890} 

Durham  (Wm.),  F.It.S,E.  lilvolution.  Antiquity  of  Man,  Bacteria,  &c 
8vo.    Edinbui^h,  1890. 

Astronomy,  Sun,  Moon,  and  Stars,  be.    Svo.    Edinburgh,  1890. 

Fletcher  (L.),  M.A.  An  Introdnction  to  the  Study  of  Minerals.  8vo. 
London,  1889. 

An  Introduction  to  the  Study  of  Meteorites.   8vo.   London,  1890. 

Bcprinta  from  the  Minendogioal  Magazine,  1881-90, 

Galileo.  Le  Opere  di  Galileo  Galilei.  Edizione  Nwionale  sotto  gli 
auapicii  di  sua  MaestA  il  Re  d'ltalia.  VoL  I.  4to.  Firenze,  1890. 
— PreieitUd  by  the  lUUian  OovermaenL 

Ganger  (Anton).  Die  Wahrheit  Eurze  Darlegung  der  letzten  nnd 
wahren  Wdtprincipien.    8vo.    Oraz,  189U. 

G^enbaur  (C).  Lehrhuch  der  Anatomic  des  Mensehen.  4'*  verbessertc 
Auflage.    S  Bde.    6vo.    Leipzig,  1890. 

Goppelnx>eder  (ProL  Dr.  Fred.).  Ueber  Feuerbestattung.  8vo.  Mul- 
hauscn-i-Els,  1890. 

Green  (W.  3.).  Professor  James  Dana's  "Characteristics  of  Volcanoea" 
8to.    Honolulu,  1890. 

Griffiths  (Dr  A.  B.).    Beaearches  on  Micro- Organisms.    8vo.    London, 
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Haeckel  {Emst).     Flankton-Studien.  Vei^leichende    Unteranchtingen 
iiber  die  Bedeutung  und  ZuBammeiigetzuiig  der  Pelagiechen  Fauna 
UDd  Rora.     8vd.    Jena,  1890. 
Harris  (Wm.  A.).    A  Technolc^cal  Dictionary  of  Ingnrance  ChemiBtrj. 

8to.    Liverpool,  1890. 
ElosBovskf  (A.).  Diff^rentea  fonnea  des  Qrclons  olwerv^  an  aad-onest  dc 

]a  Euaflie.    8vo.    Odessa,  1890. 
Kdlliker  (A.).     Znr  feinem  Anatoniie  dea  Centrolen  Nerveneyatem.      l" 
Beitrag,  Das  Kleinhim.     8vo.     Leipzif;,  1890. 

S"'  Beitrag,  Daa  Riickenmark.     8vo.     Leipzig,  1890, 

KofSHC  (AlK^iivTfiif)  'uTs  ^.  @i{iiaiiau.  EKTvzBvrai  aritA«;U««(  Ttv  0(K«>a- 
funv    KXiijoiwiyiinijf,      3  ToftBi.      8°,  ir  Ti^irr^,  1889. — PretenUd 
by  the  Etit^sd  Ttv  OiK.anfniao  K\iif<^<mt/tmn(. 
Maclagan  (R.  C),  M.D.      Fionn,  a  Prehistoric  Scottish  Studj.    8vo. 

Edinbatgh,  1889. 
Maxwell  (James  Clerk],  M.A.,  LL.D.  The  Scientllic  Papers  o^  Ed. 
by  W.  D.  Niven,  M.A^  F.R.S.  Vols.  I.  and  II.  4to.  Cam- 
bridge, l8m.—PTttmUd  6y  Ou  Syndiei  of  tJu  OanJmdge  UHivertity 
Pnu. 
Mfwoire  eur  les  Travaux  d'Ami^lioTation  dn  Coars  dnBas-Dannbe  ex^ut^ 
pendant  la  p^riode  1873-1886,  par  la  Commission  Europ^enne. 
4to.     Qslatz,  1888. 

The   Same.     Atlas.      Folia     Leiprig,   1887.— iVesni (erf   bg   Sir 

CharUt  A.  Hartley. 
Mensbrugghe  (Q.  van  der).    Sur  la  Condensation  de  la  Vapeor  d'Eau 

done  les  Espaces  Capillaires.     8vo.     Brux.,  1890. 
Monaco  (Le  Prince  Albert  de).    Recherche  des  Animaui  Manns.    'Brogtha 
r^is&  sur  VHirondeUe  dans  Tontillage  sp&;ial.     8vo,     Paris,  1889. 
Mneller  (Baron  FenL  von).     Second  Systematic  OeDsas  of  AnBtraliaii 
Plants,  with  Chronologic,  Litersiy,  and  Geographic  Annotations. 
Part  L  Vasculares.    8vo.    Melbourne,  1689. 
Payne  (F.  P.).    Notes  upon  the  Eskimo  of  Cape  Prince  of  Walea,  Hud- 
son's Strait     8vo.    Salem,  U.S.A.  1890. 
Prentice  (Chas.  P.).    Dioptric  Formula  for  Combined  Cylindrical  Lenses 
applicable  for  all  Angular  Deviations  of  their  Axea    8vo.    New 
York,  1890. 
Band  (Rev.  Silas  T.),  D.D.    Dictionary  of  the  Utngnage  of  the  Micraac 
Indians:     8vo.     Halifax,  N.S.,  IS90.— PretenUd  by  Ihe  GovemmtiU  of 
Canada. 
Scott  (Robert  H.),  F.R.S.    The  Variability  of  the  Temperature  of  the 
British  Islea,  1869-1883,  inclusive.    (From  Roy.  Sot  Proc.)    8vo. 
(1890.) 
Stopea  (H.),  F.G.S.    Indications  of  Retn^tresaion  in  Prehistoric  Civiliaa- 

tion  in  the  Thames  Valley.    8vo.    Leeds,  1890. 
Tebbnt  (John),  F.R.A.S.    ReporU  of  Mr  Tebbnfs  Observatory,  Windsor, 

N.S.  Wales,  for  the  years  1888,  1889.    8vo.    Sydney,  18e9-9a 
Thomson  (Sir  Wm.),  LL.D.,  D.C.L.,  &c    Mathematical  and  Phyaical 
Papers.    Vols.  L  and  II.    8vo.    Cambridge,  1882-84. 
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ThomaoEi  (Sir  Wm.),  JAlD.,  D.C.L.,  &C  Reprintg  of  Papera  on  "EAec- 
trostaticaand  M^pietiam.    Sud  edition.    8vo.    London,  1884. 

Popular  Lectures  and  Addresses.  In  3  vols.  Vol.  1.  Constitu- 
tion of  Matter-    8»o.    London,  1889, 

Tolstoi  (Count  Leon).  Boyhood  Adolescence  and  Youth.  Translated 
bj  CoD&  Popoff.    Sva    London,  1890. 

WhatIbelieT&   Translated  bj  Cons.  Popoff.  8to.  London,  1866. 

Topinard  (Dr  Paul).  La  Soci^t^  I'^eole,  le  Laboratoire  et  le  Unste 
Broca.    8vo.    Brnielles,  1890. 

Vinci  (Dr  Salvator).  IMla  Natnra  della  Luce,  di  quella  dei  Colori,  e 
del  Numero  di  qneiiti  ultimi.    8vo.    Catania,  I8S0. 

Whilehoufle  (Cope),  M.A.    The  Raiyan  Moeris.    8to.    New  York,  1690. 


,,GoogIc 


,,GoogIc 


INDEX. 


3S7. 

Acetylmorpliine,  843. 

Adpenseroidei,  a  anb-ordEr  of  Om- 
oidei,  SSO. 

Addsbssbs. — Addran  hj  Sir  Wm. 
Thommi  on  preMQtiiig  the  Qunning 
Victoria  Jnbilw  Prlio  (18S7-SD}  to 
Prot  Tait,  417. 

AddresB   by  Prof.    A,    Cram 

Brown  OD  pmenting  the  Keith 
Friza  (ie87-8S)  to  Pro?.  Letta,  418. 

Addresa  Wf  Prof.  Jamea  Oaikie 

onpnaontiiig  the  Neill  Priza  (1888- 
8S)  to  Hr  Robert  Kidaton,  4tS. 

Cloaing  Addreaa    for   Sasaion 

IS8»--gO  by  the  Hon.  Lord  H'LAnn, 
406. 

Aitkan  (John),  on  the  Naraber  of 
Diut  Particles  in  the  Atmonphere 
of  certain  places  in  Great  Britain 
and  on  the  Continent,  with  Betnarks 
on  the  Relation  between  the  Amoant 
of  Dnat  and  Meteorological  Pheno- 
mena, leS  ;  the  Uigi  Enlm  Obaeira- 
tiDD8,lS9,227;  EiOelTowerObaerva- 
tiona,  202;  ObaerratioOB  at  London, 
205 ;  at  Kingairloch,  206  ;  at  Ben 
Nevia,  206 ;  at  Alford,  207 ;  at 
Dnmfrisa,  208  ;  on  the  Pollntion  of 
the  Atmosphere  by  ArtiQcial  Causes, 
309i  Dtut  and  Atmospheric  Trana- 


Dust  and  Condensation,  224;  Hi 

226;  Dnat  and  Wind,  2S4;  Fog,  288; 

Specnlationa,  239;  Concluelona,  249. 
Allardico{R.  E. ),  M,  A. ,  Not*8  on  the 

Solutiona  of  certain  Equations,  139. 
Alumioinm,  Thermal  CoodactiTity  of, 

by  A.  Crichton  Mitchell,  B.Sc.,  SOO. 
Amylmorphine,  341. 
Aahdown    (Herbert    H.},   M.D.,    on 

certain  Subatancra    found    in    the 

Urine,  which  reduce  the  Oxide  of 


Copper  upon  Boiling  in  the  preaeuea 
of  an  AlkaU,  S8. 

Asymmetric  CarbonAtom.  St»  Brown 
(Prof.  A.  Crom). 

Atutialian  Birda.  List  of  Weet 
Anatralian  Birda,  ahowing  their 
Geographical  Diatribntion,  including 
thoee  of  Taamania,  by  A.  J.  Camp- 
bell, S04. 


Volcanic  Eraption  at,  by 
Prof.  C'  Michie  Smith,  66. 

BMilloa  Tubenolosia,  269,  268,  204, 
268. 

Beddard  (Frank  E.),  H.A.  Ohaerra- 
tiona  on  the  Strnctore  of  a  Oenna  of 
Oli^hEeta,  belonging  to  the  limi- 
cohne  Section,  6. 

Benu^lmorphine,  849. 

Birds  (West  Anatralian).  5m  Camp- 
bell (A.  J.). 

Blake  (R.7.),  and  Letta  (Prof.  K  A.). 
A  New  Method  for  Determining 
PhoaphoruH  in  Orguiic  niosphonia 
Compoands,  882. 

Bromine  and  3odiam  Carbonate.  Ac- 
tion of,  on  Solutions  of  Cobalt  and 
Nickel  Salts,  by  Dr  John  Gibson, 
56. 

Brown  (Prof.  A.  Crum).  ANewSyn- 
theais  of  Dibasic  Carbon  Acida,  63. 

On   the  EeUtion  of  Optical 

Activity  to  the  Character  of  the 
Radicals  united  to  the  Asymmetric 
Carbon  Atom,  181. 

Addresson  presenting  the  Keith 

Prize  for  1887-89  to  Prof.  Letts,  418. 

and  Walker  {Dr  James),  on 

the  Electrolysis  of  Potassium -Ethyl 
Halonate  and  of  Potassium-Ethyl 
Succinate,  64. 

and  Walker  (Dr  James).  Syn- 
thesis of  Sebacic  Acid,  180. 

snd  Walker  (Dr  Jamea).  Syn- 
thesis by  Means  of  filectrolyais 
-       III.  p— "^    -■-  -'  -T..— 
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bodecshezanic    Acid,     297 ;     Port 

IV.    Sjnthewa   of  Suberic  and  n- 

DicBrbixlodecaaic  Adds,  299. 
Bruce  (Aleiaudei),  M.A.,   M.D.,   on 

the    ConneotioDa    of   the    luferior 

OliraTT  Bod;,  23. 
On  the  8«Bm«ntfltion  of  the 

NncleuB  of  the  Thitd  Cranial  Nerve, 

168. 

Calderwood  [Professor  Heniy),  on 
Evolution  and  Man's  Place  in 
Nature,  71. 

Calderwood  (W.  lA  on  the  Swimmins 
Bladder  and  Flying  Poivers  m 
DattylopUrua  volitaat,  1 32. 

C«nipbe!l(A.J.),  r.L.8,  ListofWest 
Australian  Birds,  showinf;  their 
Oeographical  Diatributioa  through- 
out Australia,  including  Tasmania, 
304. 

Carbonate  of  Lime  FonuatiODs  in 
Modem  Seas.     See  Coral  Reefs. 

Caustics.     Sa  Befleiion-CaDstics. 

Cayley'a  Demanatration  of  Pasoal'a 
Theorem,  by  Thomas  Muir,  M.A., 
LL.D.,  18. 

Chlorocodide,  S70. 

Cobalt  and  Nickel  Salts.  Stt  OibsoD 
(Dr  John). 

Codeine,  Physiological  Action  of,  336; 
Methylcodeium  Sulphate,  SGS,  333; 
Uethooodeina,  SflS  ;  Chlorocodide, 
370 ;  Literature  of  Codeine,  SSI. 

Coral  Beefs  and  other  Carbonate  of 
Lime  Formations  in  Modem  Seas, 
by  John  Murray,  LL.  D. ,  and 
Robert  Irvine,  F.C.8.,  79. 

Crab  and  Lobster,  Striped  Mnscular 
Fibre  of,  by  Prof.  Wm.  Rutherford, 
1*6. 

Cranial  Nerve.  On  the  Segmentation 
of  the  Third  Cranial  Nerve,  by  Dr 
Alexander  Bruce,  IBS. 

CroBsopterygii,  a  sub-order  of  Oanoidei, 
SBS. 

CtenodontidiE,  a  famil;  of  Dipnoi,  867. 

Curves.     See  Befleiion-CauBticB. 

Syatenw  of  Derivative  Curves, 

by  the  Hon.  Lord  M'Laren,  284. 

Kefle  lion -Caustics    of    Curves 

which  are  Convex  to  the  Pole,  by 
the  Hon.  Lord  M'Laran,  289. 

Equivalents  in  Cartesian  Co- 
ordinates of  the  Polar  Curves  whose 
Caostics  have  been  found,  by  the 
Hon.  Lord  M'Laren,  29B. 

DactylopUna  votOara,  the  Swimming 
Bkidder  and  Flying  Powers  ol^  by 
W.  L.  Calderwood,  1S2. 


Diacetylmorpbine,  S43. 
Dibasic  Carbun  Acids,   A  New  Syn- 
thesis of,  by  Prof  A.  Cmm  Brown, 


of  n-Dicarbodecaheiamc  Acid,  297. 

Dicarbododecanii;  Acid.  Synthesis  of 
m-Dic«rbododecanic  Acid,  2»9. 

Dipnoi(Fos8il)  of  Fife  and  the  Lothians, 
by  R.  H.  Traquair,  386. 

DonatioQB  from  Authors  to  the  Librwy 
during  1890,  423. 

Dott  (D.  B.),  F.C.S.,  and  Stockinu 
(Ralph),  H.D.  Pharmacology  of 
Horpbine  and  its  Derivatives,  321. 

Duet  Particles.  On  the  Number  of 
Dust  Particles  in  the  Atmoaphen 
of  certain  Places  in  Great  Britain 
and  on  the  Continent,  and  on  the 
Belation  between  the  Amount  of 
Dost  and  Meteorological  Pheno- 
mena, les. 

Earth  (The).  On  the  Mean  Level  of 
the  Surface  of  the  Solid  Earth,  by 
Dr  Hugh  Bobert  Mill,  186. 

Election  of  Office-Bearers,  Session 
1889-90,  1. 

Electric  Current.  On  an  Accidental 
Illustration  of  the  Effective  Ohmic 
Resistance  to  a  Trnnaient  Electric 
Current  throngh  a  Steel  Bar,  by 
Sir  William  Thomson,  167. 

Electrolysis.     See  under  Synthesis. 

Electrolysis  of  Potassium  -  Ethyl 
Malonate,  and  of  Potassium-Ethyl 
Succinate,  by  Pi-of.  Cram  Brown 
and  Dr  Jamea  Walker,  64. 

Electrolytic  Conduction,  Note  on,  I^ 
Robert  L.  Hond,  302. 

Ellipse  and  Hyperbola,  Olissettes  of, 
by  Professor  Tail,  2. 

Elnzyme  Action  iu  the  Lower  Oreso- 
isms,  by  Dr  0.  E.  Cartwright 
Wood.  27. 

Ei^oations  of  the  Srd  and  4th  Degree 
in  a  Single  Variable,  and  Systems 
of  Two  Equations  in  Two  Variablea, 
by  R.  F^  AlUrdice,  M.A.,  139. 

Solution      oE      Three -Term 

Numerical  Equation  of  the  nth 
Degree,  by  the  Hon-  Lotd  U'L«r«n, 
270. 

Solution  of  the  Eqnation  of 

tho  6Ch  Degree,  273. 

Diflerential    Eanation    of    a 

Radected  Ray,  by  the  Hon.  Lord 

M'Laren,  282. 
Ether.     On  a  Hecbsnism  for  the  Con- 

Btitntion  of  Ether,  by  Sir  Willian 

Thomson,  P.B.S.E.,  127. 
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by  Professor  P.  6.  Tait,  2. 

GriffithB  (Dr  A.  B.).  Researches  on 
Hicra-OrKaiijanu,&c ,  Part  III.,  257 ; 
the  Alkaloids  oF  Living  Microbes, 
SG7i  A[;tion  of  Certain  Antiseptii^s 
and  Disiofectants  apon  Hicrobes, 
2GS ;  Vitality  of  certain  Micro- 
OrganismB,  261,  264;  Micro-Organ- 
isms  of  the  Atmgsphere,  264; 
Hypodermic  lojectionB  of  Salicylic 
Acid  for  Phthisis  S6S ;  Solnble  Fer- 


Hayctaft  (Dr  John  Berry),  on  the 
Nature  of  A  VoluDtarj  .MuBCular 
HoTement,  176, 

(Dr  John  Berry).      Mnscular 

Contraction  following  Bapid  Electri- 
cal StimnlatioD  of  (Antral  NerrouH 
System,  178- 

Hyperbola.     See  Ellipse. 

Hydrophobis,  260. 

Impact,  Graphic  Records  of,  by  Prof- 

P-  G.  Tait,  192. 
Inferior  Olivary  Body.     Sa  Olivary 

Body. 
Irvine  (Robert),  F.C.S.,  and  Murray 

(John),  LL.D.,  on  Coral  Reefs  and 

other  Carbonate  of  Lime  Formationa 

in  Modem  Sess,  79. 

Eeith  Prize  for  Period  1887-SS.  See 
Priies. 

Kidston  (Robert),  awarded  Neill  Prize 
(1S36-89}„419, 

Knott(Prof.  C.  O.),  D.Sc.  The  Inter- 
actions of  Circniar  and  Longitudinal 
Magnetisations,  401. 

Larix  ettropaa  as  a  Breedinfi-PlBce 
for  SyUsinvs  ptniperda,  bj  WUliam 
Somerville,  O.CEc,  2SG. 
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Letts  (Prof.  E.A.),  and  BUke(R.  F.). 
A  New  Method  for  Determining 
Phoiphoma  in  Organic  Phosphorus 
Comw>nnda,  882. 

Letts  (ProfcBsor),  awarded  Keith  Prize 

(1887-89),  418. 
Library,   Donations  from  Authors  to 

the,  daring  1890,  423- 
Lobster.     Set  Crab. 

Mngnetisationa  (Circular  and  Lonsi. 

t^dinal).     The  interactions  of,  by 

Prof.  C,  G.  Knott,  401. 
MaloDate.  See  Potaraium-Etbyl  Malon- 

Maver<David).  A  Geometrical  Method, 
dependent  on  the  Principle  of  Trans- 
lation, 188. 

M  'Laren  (Tha  Hon,  Lord),  on  theSolu- 
tion  of  the  Three-Term  Namerical 
Equation  of  the  nth  Degree,  270; 
Method  of  Logarithmic  Ditferencee, 
271  ;  Solution  of  the  Eqnation  of 
the  fith  Decree,  273. 

On  the   Refleiion-CsQBticfl  of 

Symmetrical  Carves,  281 ;  Differen- 
tial Equation  of  a  BcSected  Ray,  282; 
ayetems  of  Derivative  Curves,  284  ; 
Reflexion-Caustics  of  TwoTerm 
Polar  Curves  of  the  Degree,  m,  286; 
Locus  of  the  Field  of  Vietv  in  the 
Optical  CaasUc,  294. 

Closing   Address    for    Session 

1889-90,  406. 

Meetings  of  the  Society  during  Session 
1889-90,  411. 

Hethocodeine,  36S. 

Methylcoileium  Sulphate,  S5S,  363. 

Methylmorphium  Chloride,  361. 

Microbes.     Stt  Micro-Oi^anisms. 

Micro- Or|;aniBmB,  Researches  on,  Part 
III.,  by  Dr  A.  B.  Griffiths,  267. 

Mill  (Dr  Hugh  Robert),  on  the  Mean 
Level  of  the  Surface  of  the  Solid 
Earth,  186. 

Mitchell  (A.  Crichton),  B.Sc.  Pre- 
liminary Experiment  on  the  Ther- 
mal Condnctivity  of  Aluminium, 
300. 

Mond  (Robert  L.).  Note  on  Electro- 
lytic Coaduclion,  302. 

Morphine.      Pharmacology    of    Mor- 

Jhine  and  its  Derivatives,  by  D.  B. 
lotti  F.aS.,  and  Ralph  Stockman, 
M.D.,  321  ;  Toiidty  of  Morphine, 
332 ;  Morphine  Hydrate,  334 ; 
Ethylmorphine,  388,  341  ;  Amyl- 
morphiuB,  341  ■,  Acetylmorphiue, 
S42  ;  Dioeetylmarphine,  346  :  Ben- 
loylmorphine.  349  ;  Dibenzoylmor- 
phine,  S&O.;  Metbylmorpbiuni  Chlo- 
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ride,     851 ;      Morphiite-Snipbnric 

Acid,  S67  ;  Triehloromorpliide,  873 ; 
NitroBaiDorphine,  S76  ;  Litei&ture 
of  MorphiuB  wid  its  DeriMtiTes,  37S. 

Unir  (Thomas),  H.A.,  LL.D.,  on  Self- 
conjugate  PentiutatinDB,  7. 

On    a    Rapidly    Converging 

Seiiea  for  the  Extraction  of  the 
Sqnare  Boot,  14. 

~-- ■  Note  on  Cayley'a  Dera 

tian  of  Pascal's  Theorem,  IS. 

Marray  (John),  LL.D.,  and  Irvine 
(Robert),  F.C.S.,  on  Cotst  ReeFs  and 
other  Carbonate  oF  Lime  FonnatiouB 
in  Modem  Seaa,  79. 

Uuscnlar  Fibre  of  the  Crab  and  Lob- 
ster, bv  Profesoor  WUliom  Bnther- 
ford,  lis. 

Mueonlar  Movement.  On  the  Nature 
of  >  Voluotary  Muscular  Movement, 
by  Dr  John  Berry  Hayeraft,  176. 

MiiBcnlar  Conti«ction,  following  rapid 
Electrical  StimuUtion  of  Central 
Nervous  System,  by  Dr  John  Berry 
Haycratt,  178. 

Neill  Prize  for  Period  1888-89.     Ste 

HervouB  Syatem.  Muacular  Contrac- 
tion, followiDK  rapid  Electrical 
StimalstioQ  of  Cectnl  Nervone 
System,  by  Di  John  Ben;  Hay- 
craft,  178. 

Nickel  Salts  and  Cobalt    5m  Dr  John 

Nitrosomorpbine,  878. 
Note   on  C&yley'a   Demonetration  of 
Paac*l's  Theorem,  18. 

OfBcB- Bearers,  Session  1889-60, 1. 

Ohmic  Besiatance  to  a  Trsnsient  Elec- 
tric Current  through  a  Steel  Bar,  by 
Sir  William  Thomson,  167. 

Oligochseta  belonging;  to  tbe  Limi- 
coUne  Section,  by  Fnnk  E.  Beddard, 
M.A.,  6. 

Olivary  Body.  On  the  Connections 
of  lie  Inferior  Olivary  Body,  by 
Alexander  Bruce,  M.A.,  M.D,,  2». 

Optical  Activity.  Its  Relation  to  the 
Character  of  the  Radicale  tmited  to 
the  Aeymmetric  Carbon  Atom,  by 
Prof.  A.  Crum  Brown,  181. 

Papers,  Titles  of,  read  daring  Seamon 

1889-90,  411-431. 
Faacal'e  Theorem.    Note  on  Cayley's 

Demonstration  of  Pascal's  Theorem, 

bj  Thomaa  Hair,  H.A.,  LL.D.,  18. 
Permutations.      Set    Self  •  coi^agate 
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Phoephoms.  A  New  Method  for  Deter- 
minine  Fhoephorns  in  Orrainii^ 
Phosphorus  Compounds,  by  Prof. 
£.  A.  Letts  and  K.  F.  Blake,  382. 

Placodermi,  a  sub-order  ot  QuioJdei, 
388. 

Potassinnt-Etliyl  Malonate,  Electro- 
lysis of,  by  Prof.  Crnm  Brown  and 
Dr  Jamee  Walker,  G4. 

Potassium-Ethyl  Succinate,  Electro- 
lysie  of,  by  Prof.  Cnim  Brown  and 
Dr  James  Walker,  S4. 

Prizes.  Gunning  Victoria  Jabtlee 
Prize  (1887-90)  awarded  to  Pro- 
fessor Tait,  417. 

Keith  Priie  (1887-80)  awarded 

to  Profeuor  Letts,  418. 

Neill  Prize  (1888-80)  awarded 

tt>  Hr  Robert  Eidston,  419. 

Quaternions.  Some    Multinomial 

Theorems  in,   by  Bev.  M.  M.    IT. 
Wilkinson,  149. 
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of  Two-Term  Polar  Curves  of 

the  Degree,  m,  286. 

Locos  ot  the  Field  of  View  in 

the  Optical  Caustic,  294. 
Bipples.    Note  on  Ripples  in  a  Viscous 

Liquid,  by  Prof.  Tait,  110. 
Determination    of    Sorface- 

Teneion    by   the    Measurement   of 

BJpples,  by  Prof.  C.  Hichie  Smith, 

Rutherford  (Professor  William),  on  the 

Structure  and  Contraction  of  Striped 
MuscnUr  Fibre  of  the  Crab  and 
Lobster,  148. 

Salicylic  Acid  for  Phthisis,  268. 
Sebacic  Acid.     Synthesie  of,  by  Prof. 
Crum  Brown  and  Dr  Jamee  Walker, 


168. 
Self  -  conjagate      Permutations,     by 

Thomsa  Muir,  M.A.,  LLD.,  7. 
Series   (Bspidl;  Converging)  for  the 

Extraction  of  the  Sqnare  Boot,  by 

Thomaa  Mnir,  M-A.,  LL.D.,  14. 
Smith  (Professor    C.    Michie).     Tbe 

Volcanic   Eruption    at   Buidoisan, 

4E. 
The  Determination  of  Surface 

Tensioa    by    the    Measurement   of 

Ripples,  lis. 
The    Absorption    Spectra  of 
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Smith  (Profesaor  C.  Mich[e).  Notes 
on  the  Zodiic&l  Light,  112. 

Sodiam  C&ibonate  and  Bromine,  Ac- 
tion of,  on  Solutions  of  Colnlt  and 
Nidul  SaltB,  b;  Dr  John  Gibsoo, 
56. 

Soniarrille  (William),  D.CEc.,  Larix 
taropixa  as  a  Breeding- Place  for 
tfyUtima  pin^Mrrfn,  2CG. 

Spectra  (Abeorption)  of  certain  Vege- 
table Colounns  Matters,  bj  Prof. 
C-  Uichie  SmiUi,  121. 

Square  Root.  On  a  Bapidly  Con- 
Terging  Seriea  for  the  Extiaction  of 
the  Square  Boot,  by  Thomas  Muir, 
M-A.,  LL.D.,  \i. 

Stockman  (Balph),  H.D.,  and  Dott 
(D.  B.},  F.C-S.  Pbarmaoolo^  of 
Morphine  and  ila  Derirativea,  321. 

Suberic  Acid.     Sjnthesia  of,  299. 
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Snr£u»  -  Tension,  Determinatiaa  of, 
b;  the  Measacement  of  Kipples,  by 
Prof.  C.  Michie  Smith,  116. 

Symmetricail  Cnrrea,  the  Befiexion- 
Canatics  of,  by  the  Eon.  Lord 
M'Lareu,  281. 

Synthesis  by  means  of  ElectrolraiB- 
Part  111..  297,  Part  IV.,  299-br 
Prof-  Cram  Brown  and  Dr  Junes 
Walker. 

Tait(FrofeaMrF.Q.},    Glinetteaof i 

Ellipse  and  Hyperbola,  2. 
Ifote  on  Kipples  in  a  Viscous 

Uqnid,  110. 
Graphic  Beconb  of  Impact, 

192. 
AwBided     QnnniDg     Victoria 

JubUee  Prize  (1887-90),  *17. 
Tasmanit,   Binu   of.     Ste   Campbell 

(A.  J.). 
Thomson  (Sir  William),  P.B.S.E.,  on 

a  Mechanism  for  the  Constitution 

of  Ether,  127. 
On  an  Accidental  Illustration 

of  the  Effective  Ohmic  Beaistaiice 

to    a   Transient   Electric    Cuirent 

throagb  a  Steel  Bar,  1C7. 
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Thomaon    (Sir    William),     P.B.SE. 
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Victoria  Jnbilee  Prize  h 

to  Prof.  Tait,  *17. 
Three-Term   Numerical   Eqoation    of 

the  nth  degree,  by  the  Hon.  Lord 

H'Lttnn,  270. 
Translation.     A  Geometrical  Method 

dependent    on    the     Principle    of 

TranaUtion,     by     David     Maver, 

Traquair  (K  H.),  M.D.  LUt  of  the 
Fossil  Dipnoi  and  Oanoidei  of  Fife 
and  the  Lotbiana,  38B. 

Trichloromorphide,  873. 

Tuberculosis.     Sa  BaciUqs. 

Urine.  Certain  Snbetances  fonnd  iu 
the  Urine,  which  reduce  the  Glide 
of  Copper  upon  Boiling  in  the  pre- 
wnce  of  an  Alkali,  by  Herbert  H. 
Aahdown,  M.D.,  GS. 

Uronamidee,     a    familj   of    Dipnoi, 

Vegetable    Colouring    Matters— tbtir 

Absorption    Spectra,   bv  Prof.    C. 

Michie  Smith,  121. 
Viscous  Liquid.    Nnle  on  Ripples  in  a, 

by  Prof.  P.  G.  Tait,  110, 
Volcanic  Eruption  at  Bondaisan,  by 

Prof.  C.  Michie  Smith,  66. 

Waller  (Dr  James),  and  Professor 
Cnmt  Brown.  The  Electrolysis  of 
Potassium-Ethyl  Malonate  and  of 
Potassium -Ethyl  Succinste,  64. 

Walker  (Dr  James),  and  Brown  (Pro- 


Dioarbodecahexanic  Acid,  i_. , 
Fart  IV.  Synthefiis  of  Suberic  aud 
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Wilkinson  (Rev.  H.  M.  U.).  Some 
Multinomial  Theorems  in  Quater- 
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FrofbsBor  Madvig.     Bom  1804,  died  1886.     By 
Frofbesor  Sellar. 

PrateBsor  Johan  Nicolai  Madvig  of  Copenhagen  was  elected  an 
Honorary  Fellow  of  the  Royal  Society  in  the  year  1878,  on  the 
ground  of  his  eminence  in  Classical  Fhilolc^.  Ths  Council  of  the 
Society  could  not  have  confened  the  honour  on  a  scholar  more 
worthy  to  receire  it.  He  may,  withont  exaggeration,  be  pronounced 
the  greatest  Latin  scholar  bom  in  the  present  century;  and  his 
services  to  Greek  Philology  alone  wonld  have  made  him  eminent 
among  Continental  scholars,  if  his  contributions  to  Latin  criticism 
had  not  put  them  somewhat  in  the  ehada  In  the  devotion  of  a 
long  life  to  the  advancement  of  onr  knowledge  of  the  great  Greek 
and  Roman  writers,  in  the  nnion  of  masculine  vigour  of  nnderstand- 
ing  with  great  industry,  and  of  singular  acuteness  with  the  sounded 
judgment,  be  lecalls  the  type  of  some  of  the  great  scholars  and 
grammarians  of  the  Renaissance,  The  province  of  Classical  Philo- 
logy, in  which  he  principally  worked,  was  that  of  the  criticism  and 
emendation  of  texts,  the  most  difficult  of  all  the  tasks  which  a 
clauical  scholar  can  set  before  himself,  and  one  in  which  failure  is 
more  common  than  snccess,  at  least  than  such  success  as  Madvig 
obtained.  The  two  authors  whom  he  made  especially  his  own 
were  Ciceio  and  Livy ;  and  his  familiarity  with,  and  insight  into 
the  diction  of  these,  the  two  greatest  masters  of  I^tin  style,  have 
probably  never  been  equalled  in  modem  times.  This  familiarity 
and  insight  enabled  him  to  produce  his  Latin  Grammar,  which 
during  the  third  quarter  of  this  century  was  the  standard  work  on 
the  subject ;  and  which  for  clearness  of  method,  logical  coherence 
of  thought,  and  simplicity  of  terminology,  is  not  likely  soon  to  be 
superseded  in  onr  higher  schools  aod  universities.  Though  he 
was  chiefly  eminent  as  a  grammarian  and  verbal  critic,  yet  in  his 
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Tuioos  editions  of  bhe  De  FinHnu  of  Cicero,  which  appeared  In 
1839,  1869,  and  1876,  he  gave  a  masterly  exposition  of  the  latei 
Greek  and  Roman  PhiloBophy ;  and,  hesides  Tarions  treatises  on 
such  subjects  as  the  "  Equestrian  Order,"  "  Roman  Colonies,"  the 
"  Tribnni  Aerani,"  &C.,  one  of  thewinka  of  his  later  years  was  on  the 
Roman  Constitution,  Die  Verfaseung  und  Vertoaltung  de*  Bomischeit 
Staaies.  But,  nndouhtedly,  his  especial  distinction  lay  in  bis 
knowledge  of  MSS.,  bis  discernment  of  their  relative  value,  and  his 
cleat  and  Bound  views  of  the  true  method  and  limits  of  conjectural 
emendation.  On  the  subject  of  the  causes  and  kinds  of  error  found 
in  ancient  MSS.,  nothing  better  has  been  written  than  tiie  intro- 
ductory chapter  to  hie  Adversaria  Oritiea,  published  in  1871.  Of 
his  emendstioDs,  it  has  been  well  said  by  an  English  Bcfa<dar  that 
"  for  brilliancy  and  inevitableness  '  it  is  difficult  to  find  a  parallel 
to  them.  This  was  due  as  much  to  bis  grasp  of  the  right  method 
of  emendation,  as  to  a  rare  union  in  his  intellect  of  bald  inventive- 
ness and  conservative  sobriety  of  judgment. 

He  left  a  great  name  also  as  a  teacher.  All  the  younger  genera- 
tion of  Danish  scholars  is  said  to  have  been  trained  on  bis  method. 
But  he  was  very  far  from  being  a  mere  scholar  and  teacher.  He 
rendered  important  services  to  his  country  as  a  politician,  and 
during  the  three  years  1848-91,  which  were  so  critical  all  over  the 
Continent,  he  was  a  member  of  &e  Danish  Diet,  and  filled  the  office 
of  Minister  of  Worship.  After  retiring  from  that  ofGce  he  became 
Inspector  of  the  Higher  Schools.  In  1864,  the  year  of  the  war 
between  Denmark  and  Prussia  and  Austria,  he  wrote  a  pamphlet  on 
the  condition  of  affairs.  During  all  his  public  career  he  was  highly 
esteemed  as  an  honest,  sensible,  moderate  politician.  He  seema  to 
have  been  a  man  of  great,  geniality  of  nature ;  and  fais  life,  though 
one  of  continuous  industry,  never  impaired  by  any  bodily  weakness 
till  he  became  blind  witbiu  two  or  three  years  of  his  death,  was  as  ' 
far  removed  as  possible  from  that  of  a  pedant  or  recluse. 

A  short  record  of  the  more  important  events  of  bis  career,  with 
their  dates,  is  subjoined.  He  was  born  on  the  7th  August  1804,  at 
Svaneke,  in  the  island  of  Bomholm,  an  island  in  the  Baltic  lyii% 
between  Denmark  and  Sweden,  but  forming  part  of  the  Danish 
kingdom.  His  father  filled  some  subordinate  official  post,  and  was 
too  poor  to  give  his  son  a  liberal  education.    The  young  u!ad?ig 
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Ohitvary  NoHcea.  v 

enteied  his  father's  office  as  a  clerk  at  the  age  of  ten,  and  continaed 
in  that  capacity  till  his  fath^e  death  in  1816.  la  later  life 
Madrig  heliered  that  he  had  derived  beiujfit  from  this  eaily  official 
training ;  and  his  own  ezperienee  led  him  to  think  that  boys  would 
do  better  by  not  beginning  to  learn  Latin  till  they  were  twelve  • 
yean  old.  In  the  year  1817,  when  he  was  thirteen  years  of  age, 
he  was  sent  by  some  benevolent  person  who  became  interested  in 
him  to  the  Staate  Oymncuiitm  in  Frederiksborg.  He  finished  his 
TJnivendty  coarse  in  Copenhagen  in  1825,  and  he^m  his  career  as 
a  teacher  and  examiner  in  Latin  in  the  following  year.  In  1628, 
at  the  age  of  twenty-fonr,  he  was  appconted  Reader  in  Latin  Philo- 
logy, and  in  1829  he  was  made  Professor  Eztraoidinarius  of  the 
Latin  Language  and  Literature.  In  1834  he  collected  and  published, 
under  the  name  of  Optuctda,  the  introductory  addresses  which  he 
was  in  the  habit  of  delivering  to  hie  pnpils,  and  a  second  series 
followed  in  1842.  His  edition  of  Cicero  De  Finibai,  which  first 
appeared  in  1839,  and  the  appearance  of  hia  Latin  Qrammar  in  1841, 
gained  for  him  a  European  reputation  as  one  of  the  foremost  of 
Ciceronian  critica  ("  Tullianorum  criticomm  princeps  ")  and  Latin 
grammarians.  His  Greek  Syntax  appeared  in  1846.  These  two 
grammatical  works  were  translated  into  German  in  1844  and  1847, 
and  soon  after  from  the  German  into  English ;  and  those  translations 
have  passed  through  many  editiims.  He  had  written  a  number  of 
articles  on  the  reform  of  higher  schools  between  the  years  1832-3, 
and  in  1848  he  was  made  Inspector  of  Edncation.  In  the  same 
year  he  entered  the  DaniA  Diet  as  a  representative  for  Bomholm, 
and  was  appointed  a  Member  <A  the  Ministry  as  "  Gnltaa  Minister." 
He  remained  in  this  office  till  December  1851,  when  he  returned  to 
the  Univerraty  as  Fiofeesor,  no  longer  merely  of  Latin,  but  of 
Classical  Philology,  which  gave  him  the  opportunity  of  lecturing  on 
and  emending  Greek  authors  as  well  as  lAtin.  At  the  same  time 
he  was  appointed  Inspector  of  Higher  Schools.  About  this  time  he 
applied  himself  to  what  is  perhaps  his  greatest  work,  his  Braenda- 
tianet  lAvicma,  which  were  first  given  to  the  world  in  a  complete 
form  in  1860.  Between  1861-6  he  brought  out,  in  collaboratioo 
with  his  pnpil  TJsaing,  the  well-known  editor  of  Plautus,  a  complete 
edition  of  Livy.  In  1860  and  again  in  1869,  he  travelled  in  Italy. 
In  1871  and  1873  appeared  two  volumes  of  idvenaria  Critiea, 
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contaimng  the  dtscuesion  already  referred  to  on  the  right  methods 
of  emendation,  and  a  nnmber  of  emendations  on  Qieek  and  L^an 
writera.  It  is  to  be  remarked  that  hie  almost  unerring  facnltj  in 
emending  Greek  and  Latin  prose  faila  him,  as  it  often  does  eminent 
'Continental  scholara,  in  hia  correction  of  the  poeta.  It  vas  no 
doubt  the  sense  of  their  frequent  failure,  in  attempting  to  testoie 
the  diction  of  the  Latin  and  Greek  poets,  that  made  Niebuhr  a 
strong  advocate  of  the  English  cultivation  of  Latin  and  Greek  verse 
compOBitioD  at  public  schools.  Id  1884,  a  third  volume  of  the 
Advertaria,  or  rather  an  Appendix  to  the  two  earlier  volumes,  waa 
published,  containing  the  results  of  his  later  readings  of  Homer, 
Herodotus,  Athensans,  ice  Tho  Ver/aisunff  and  Verwaltiatg  da 
BomUehen  Biaates  appeared  in  1681-2.  He  continued  to  take  part 
in  political  life  till  1874,  when  he  finally  retired  ttam  the  re|ffeeent- 
ation  of  his  native  island,  Bnt^  though  aEQicted  witb  blindneea  for 
some  years  before  his  death,  he  continued  his  philological  activity 
till  his  final  illness.     He  died  on  December  12, 1886. 


Oharlee  Edward  Wileon,  M.A,,  LL.D.,  laie  RM.  Chief  In- 
tpeeior  of  Schools  in  Seofland.  By  William  Jolly,  F.G.S., 
H.h(.  Inspector  of  Schools. 

Charles  Edward  Wilson  was  born  in  Old  Aberdeen,  on  the  31et  of 
August  161S.  He  received  a  thorough  education  in  the  Grammar 
School  of  hia  native  city,  long  distinguished  for  tiie  success  of  its 
pupib ;  and  in  King's  College  there,  entering  it  as  second  buisar, 
gaining  a  high  place  in  classics,  and  leaving  it  with  the  d^iee  of 
M.A.  To  extend  his  scholarehip  and  experience,  he  resided  for  five 
years  in  Germany,  chiefly  at  Frgnkfort-on-the-Mune^  as  tutor  to  a 
family  of  distinction.  During  hia  Continental  stay,  he  studied  the 
language,  literature,  and  educational  syatems  of  Germany  and  Fiance, 
'  and  made  acquirements  which  were  of  the  highest  utility  in  his  after 
career.  On  his  return  to  ScotUnd  in  1845,  he  worked  for  some  time 
in  the  Free  Church  Edocation  Office,  in  Edinboigh.  In  1846  ha 
became  Classical  Master  in  Glasgow  Academy,  then  nnder  the  rector- 
ship of  Dr  James  Gumming,  late  H.M.  Inspector  of  Schools,  with 
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whom  he  mamtained  aabroken  intimacy.  In  February  1852  he 
was  appointed  Aaaiatant  Inspector,  and  foe  sevetal  years  was  awo- 
ciated  with  Dr  Gumming  in  the  examination  of  Free  Clioich  echoola, 
during  the  days  of  denominational  grante  from  the  Privy  ConnciL 
In  1659,  having  been  placed  in  charge  of  the  Western  Diatriot  of 
Scotland,  he  took  np  hie  head-qnartera  in  Glasgow.  Hie  duties  long 
involved  constant  travel  over  the  whole  of  Scotland,  including  the 
Hebrides,  experiences  trying  enough,  especially  before  the  present 
extension  of  steamboat  and  railway,  bat  interesting  and  instructive, 
and  thoTot^hly  enjoyed;  reworded,  moreover,  by  uncommon  oppor- 
tunities of  insight  into  the  educational,  social,  and  religions  condition 
of  the  people,  and  by  enduring  friendships.  These  wanderings 
inspired  him  also  with  a  high  appreciation  of  Scottish  scenery,  and 
made  him  an  active  pedestrian  to  the  lost. 

Under  the  Scotch  Education  Act  of  1873,  Inspection  became 
nati<Hial,  and  the  whole  country  was  divided  into  separate  districts, 
under  independent  officers,  the  late  Dr  John  Oordon  being  Inspector- 
in-Chief,  with  residence  in  Edinburgh.  After  Dr  Gordon's  retire- 
ment in  1874,  Dr  Wilson  succeeded  him  as  metropolitan  Inspector, 
and  removed  to  the  capital  On  leaving  Glasgow,  he  was  presented 
with  a  handsome  testimonial  by  teachers  and  friends,  an  exptossion 
of  tiieir  hi^  respect  for  him  as  a  man  and  an  inspector. 

In  1860,  br  Wilson  married  a  daughter  of  the  late  Dr  Robertson, 
Commissioner  to  Her  Mqjesty  at  Balmoral — a  union  of  unalloyed 
happiness.  They  had  two  sons  and  one  daughter,  the  eldeet,  a  pro- 
mising young  officer  in  the  army,  having  already  served  with  dis- 
tinction in  Egypt  and  India. 

As  Chief  Inspector,  Dr  Wilson  had  chaise  of  the  Edinburgh 
District,  along  with  several  assistants.  In  this  capacity,  he  acted  as 
general  referee  in  disputed  and  difficult  cases  in  Scotland ;  examined 
all  the  Scotch  Sformal  Colleges,  on  which  he  yearly  wrote  special 
elaborate  reports ;  and  prepared  the  examination  papers  for  the  admis- 
sion of  candidates  to  these  cotl^ee  and  for  teachers'  certificates. 

In  religion,  Dr  Wilson  was  firmly  attached  to  the  Free  Charcii, 
which  he  joined  on  his  return  from  Germany,  two  years  after 
the  Disruption.  He  was  an  elder  for  four  years  in  Eelvinside 
Free  Church,  Glasgow,  and  for  twelve  years  in  Free  St  George's, 
Edinburgh.     He  acted  for  many  years  as  Bepresentative  Elder  for 
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the  Presbytery  of  Kincardine  (^Neil  in  the  General  Assembly,  vhich 
he  regularly  attended,  thon(^  he  took  no  part  in  the  debates. 

Id  politics,  in  epite  of  his  natural  GonBerratire  instlDcte,  he  vm 
a  firm  and  consiBtent  Liberal,  qnietly  intereeted  all  hia  life  in  the 
pn^^esB  of  legislation,  and  r^ularly  recording  his  vote  for  his  party. 
In  ^;ady,  he  kept  up  his  acqnuntance  with  Claamce,  French,  and 
German,  setting  the  questions  in  these  subjects  for  the  Education 
Department  for  many  years.  He  was  much  attracted  by  antiquarian 
researches,  and  became  a  Fellow  of  the  Antiquarian  Society  in 
Edinburgh  in  1870.  Seven  years  later,  he  was  elected  a  Fellow  of 
oar  own  Society. 

Educatiou,  however,  was  naturally  his  chief  study,  and  to  this  he 
devoted  life-long  attention.  He  edited  for  some  months  an  edocsr 
tional  journal  issued  by  the  Free  Church  shortly  after  the  Disruption, 
and  till  1852  acted  as  secretary  to  the  Free  Church  Teachers'  Aaaocia- 
tion.  He  was  a  Fellow  of  the  Educational  Institute  of  Scotland 
from  its  foundation  in  1847,  though  never,  like  Dr  Gumming  and 
others  of  bis  friends,  its  President — an  honour  which  hia  official 
ai^intnwnt  no  doubt  prevented  being  beetowed  upon  him. 

As  Inspector  of  Schools,  he  was  distinguished  by  uncommon 
equanimity,  genuine  kindliness,  fair  judgment,  transparent  honesty, 
quiet  hut  real  sympathy  with  teachers  and  pupils,  and  remarkable 
fidelity  and  care  in  the  perfotmauce  of  duty.  He  was  everywhere 
trusted,  esteemed,  and  liked  in  all  his  official  relations.  To  the 
Education  Deportment,  he  was  a  singularly  devoted  servant,  sacri- 
ficing his  whole  time  to  the  work,  and  adoniing  the  position.  He 
richly  deserved  the  encomium  of  the  Privy  Council  in  their  Beport 
for  1887,  where  they  record  their  sense,  certainly  not  too  strongly, 
of  "the  serious  loss  sustained  by  the  Department,"  through  the 
death  of  one  "  who,  during  thirty-five  years,  had  rendered  most 
faithful,  efficient,  and  valuable  assistance  to  the  cause  of  education." 
In  regard  to  Education,  while  he  helped  to  make  it  effective  and 
progressive  by  his  annual  examinations  and  Blue  Book  reports,  his 
chief  service  was  rendered  in  connection  with  the  Training  Colleges. 
Long  eamesUy  interested  in  endeavours  to  raise  the  professional 
proficiency,  scholarship,  and  general  culture  of  teachers,  he  took  an 
active  part  in  combining  the  University  with  the  Normal  School 
course,  by  securing  simultaneous  attendance  at  both.     This  im- 
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portftnt  subject  was  constantly  nfetred  to  in  his  General  Reports;  and 
no  one  njoiced  more  than  Dr  Wilaoa  when  this  union  was  fostered 
hj  the  special  arrangements  of  the  Departmeat  and  the  other 
antiioritiea  concerned,  and  vhen  a  yearly  increasing  number  of 
Normal  etadents  began  to  attend  the  UniTeraity  and  to  tote  d^rees — 
thus  pteparing,  for  tiie  conduct  of  both  onr  common  and  higher 
Bchools,  the  best  class  of  teachers  yet  produced  by  the  educatioual 
machinery  of  our  country,  in  which  Scotland  ia  still  far  in  advance 
of  England. 

In  recognition  of  his  official  standing  and  long  eerrices  to  Educa- 
tion, he  received,  in  1870,  the  honorary  degree  of  LL.B.  from  his 
own  Univeraity  of  Aberdeen,  for  which  he  always  retained  a  filial 
affection,  while  fhrthering  general  uuivereity  advance. 

Dr  Wilson  had  no  special  social  or  intelleotnal  ambitions  He  took 
no  active  part  in  public  affairs,  and  he  haa  left  no  literary  or  other 
remains,  beyond  his  numerous  Glue  Book  reporta.  The»  were  written 
with  the  extnuirdinary  care  which  he  bestowed  on  all  he  did,  every 
sentence  being  tonched  and  retouched  till  it  satisfied  his  taste. 
They  contain  sound  views  and  suggesLions  on  education,  and  reli- 
able estimates  of  the  educational  work  with  which  he  was  brought 
into  such  close  contact  for  more  than  thirty  years. 

Dr  Wilson  continued  assidnously  to  discharge  all  his  official 
duties  almost  to  the  very  end.  He  passed  quieUy  away  in  his 
pleasant  home  in  Palmerstou  Place  here,  more  suddenly  than,  from 
his  roboet  health,  had  generally  been  anticipated,  on  the  18th  of 
March  1888.  He  was  intfirred  in  the  Dean  Cemetery,  his  funeral 
being  attended  by  a  large  and  representative  assemblage  of  friends, 
colleagues,  churchmen,  and  educationists. 

Eminently  endowed  with  the  graces  of  charactor,  Dr  Wilson  was 
emphatically  the  gentieman  in  mien,  manner,  and  feeling,  and  ex- 
hibited much  of  what  is  now  comparatively  rare,  the  genial  courtesy, 
if  not  courtliuees,  of  an  older  time.  "In  his  private  capacity,"  says 
Dr  Thomas  Morrison,  of  the  Glasgow  Free  Church  Training  College^ 
one  of  hie  earliest  and  dearest  fiiends — and  his  opinion  will  be 
generally  endorsed  by  an  unusually  wide  circle  in  all  parts  of  the 
country — "  Dr  Wilson  was  a  man  greatly  beloved.  Full  of  varied 
information,  genial  and  kindly  in  disposition  and  manner,  simple  as 
a  littie  child,  and  retaining  to  the  laet  wonderful  freshness  and 
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vitality,  lis  was  held  in  the  deepest  respect  by  all  who  had  the  jdea- 
.  sure  and  privilege  of  his  acquaintance.  A  tried  and  trnated  friend, 
a  wise  and  sagacions  coniuellor,  emphatically  a  good  man,  with  no 
tinge  of  baseness  in  hia  composition,  he  has  gone  to  his  grave  in  « 
ripe  and  honoured  old  age."* 


Robert  Mackay  Smith.     By  Profeeaor  Swao,  LL.I>. 

Bohert  Mackay  Smith  was  bom  in  Glasgow  in  1802,  where  he 
received  his  fiist  schooling.  Afterwords  he  was  sent  to  the  Moravian 
establishment  at  Fulnec ;  and  finally  he  was  for  some  time  a  student 
in  the  Univetsity  of  Glasgow.  To  the  infiuencee  of  Fulnec  may  be 
ascribed  the  lifelong  interest  he  entertained  foi  the  Moravians ;  for 
whose  missions  in  Greenland  he  did  not  fail  to  moke  liberal  pro- 
vision in  his  last  will  and  testament 

Entering  into  business  with  his  father  Peter  Smith,  a  merchant 
in  Glasgow,  he  was  in  the  habit  of  making  journeys  in  Kolland  and 
Germany ;  and  he  thereby  acquired  a  good  knowledge  of  these 
countries.  About  the  year  1834  he  began  business  on  his  own 
account  as  a  merchant  and  commission-agent  in  Leith,  and  always 
thereafter  resided  in  Edinburgh,  where  he  died  on  ith  April  1888 ; 
being  then  in  his  86th  year.  From  1834  to  1878,  when  he  finally 
retired,  he  maintained  a  pi'osperous  business  chiefly  with  Bussia  and 
Germany,  while  still  retaining  his  old  connection  with  Holland  and 
other  places.  As  might  be  inferred  from  his  successful  career,  those 
of  his  friends  best  qualified  to  judge  bear  testimony  to  his  unre-  • 
mittiug  diligence  and  excellent  business  talents.  Not  only  did  he 
take  pleasure  in  business  for  Its  own  sake,  but  the  element  of 
personal  attachment  entering  largely  into  many  of  hia  business 
relations,  his  energies  were  often  piompt«d  by  the  dedre  to  promote 
interests  other  than  his  own. 

But  whOe  thus  occupied,  Mr  Smith  never  failed  to  improve  all 
available  intervals  of  leisure  in  cultivating  his  literary  and  BcienUfic 
tastes.     In  1847  he  became  a  life-member  of  the  British  Associa- 
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tion ;  and,  so  loDg  u  atiength  permitted,  he  was  a  faithM  attendcF 
on  its  meetiags,  bom  vhich  he  was  rarely  or  never  absent 

Geology  was  to  him  a  subject  of  special  inteieat ;  and,  about 
1857-8,  when  Iceland  was  much  leas  readily  accessible  than  it 
now  is,  he  more  than  once  visited  that  remarkable  country.  These 
visits  to  Iceland  were  donbtless  the  oatcome  of  a  genuine  love 
of  geological  observation;  and  from  that  point  of  view,  to  his 
Icelandic  experiences  he  always  recurred  with  special  delight.  But 
this  feeling  was  enhanced  by  other  considerations  of  the  kindliest 
personal  character.  While  in  Iceland,  as  was  his  wont,  he  had  not 
failed  to  make  many  friends,  with  whom  to  the  lost  he  maiotained 
a  lively  correRpondence  and  intercourse.  He  nsed  to  fumiah  them 
with  newspapers,  periodicals,  and  scientific  journals ;  and,  it  is  said, 
he  kept  open  house  for  Icelanders  who  mi^t  visit  Edinburgh. 

It  was  through  Mr  Smith's  influence  that  the  stadoos  at  Beyk- 
javick  and  Stykkisholm  were  obtained  for  meteorological  observa- 
tions in  connection  with  the  Meteoroli^cal  Society  of  Scotland. 
Among  the  varions  scientific  associations  with  whidi  he  was  con- 
nected there  was  none  in  which  he  took  a  livelier  interest ;  and, 
as  a  member  of  its  ConncU,  he  devoted  much  time  and  attention  to 
its  afhirs.  To  this  effect,  the  writer  is  indebted  to  Ur  Bnchan,  its 
Secretary,  for  the  following  testimouy:— 

"  At  the  time  of  his  death  Mr  R.  M.  Smith  had  for  twenty-three 
years  been  a  member  of  Council  of  the  Scottish  Meteorological 
Society,  and  in  that  capacity  bod  tendered  moat  energetic  and  effective 
service  to  the  Society  in  many  ways  and  on  many  occasions.  He  took 
a  strong  personal  interest  in  the  extension  of  the  Society's  member- 
ship and  sphere  of  operations.  About  the  time  when  he  became  a 
member  of  Council,  the  Medico-Climatological  Committee  was  formed; 
and,  in  establishing  the  stations  in  connection  with  the  Committee, 
he  gave  invaluable  assistance  in  securing  for  the  Society  the  more 
important  stations  in  Iceland,  Faro,  on  the  Mediterranean,  and  in 
South  America.  Prom  the  fiist,  he  was  one  of  the  most  Uberal 
subscribers  publicly  and  privately  to  its  foundation  and  maintenance ; 
and  he  bequeathed  to  its  funds  a  Ic^^y  of  £600." 

Among  other  Scientific  and  Literary  Associations,  of  which  Mr 
Smith  was  a  member,  may  be  named  the  Antiquarian  Society  of 
Scotland,  and  the  Royal  Scottish  Society  of  Arts. 
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Of  the  Boyal  Society  of  Scotland  he  became  a  Fellow  in  1866; 
and  latterly  might  be  reckoned  as  among  its  oldest  memben.  Foi, 
as  appears  from  the  lists  of  Fellows  at  If^ovember  18^7  and  1888,  at 
the  time  of  hia  death  Mr  Smith  must  have  stood  in  order  d  seniority 
between  Slst  and  SSth,  out  of  a  membership  of  about  470.  This 
fact  may  be  regarded  as  not  unworthy  of  record,  as  illnatiating  the 
rapid  change  to  which,  at  the  hands  of  time,  snch  a  body  as  the 
Boyol  Society  of  Edinhiu^h  ia  subject.  Although  Hi  Smith  nevar 
contributed  in  antboTBhip  to  the  Transadioru  of  our  Society,  he  was 
one  of  its  most  loyal  members,  who  always  took  the  deepest  interest 
in  its  welfare ;  and  who,  by  hie  Teveisionaiy  legacy  of  £1000  to  it« 
funds,  may  be  numbered  among  ita  most  mnnificent  benefactoi& 
Onr  librarian,  Mr  Gordon,  bean  testimony  that  "  in  his  later  days, 
when  no  longer  able  to  attend  its  evening  meetings,  Mr  Snuth 
rarely  allowed  a  day  to  pass  without  an  afternoon  visit  to  the 
Social's  Booms." 

Mr  Smith  was  appointed  a  member  of  the  Boaid  of  Vitdtois  of 
the  Royal  Observatoiy  of  Edinburgh  about  1866.  He  continued  to 
hold  that  poet  during  the  remainder  of  hia  days ;  and,  aa  Frofeaaor 
Piaizi  Smyth  has  written,  "for  so  long  attended,  whatever  meetiDgs 
were  held,  more  regularly  than  any  other  member."  He  always 
took  a  lively  interest  in  the  welfare  of  the  Observatory,  and  in  many 
ways  soaght  to  promote  its  usefulness.  Entirely  at  bis  own  coat,  he 
erected  an  electrically  Controlled  clock  in  the  Edinburgh  TJniveisi^ 
Buildings,  and  also  two  other  clocks,  similarly  electrically  controlled 
from  the  Observatory,  at  the  entrances  of  the  Leith  Docks.  The 
dropping  of  the  Observatory  Time-Boll  on  the  Calton  Hill  being 
too  often  invisible  at  Leith  owing  to  the  smoke  of  the  city  or  to 
lagK,  Ut  Smith's  purpose  in  erecting  these  clocks  was  the  better  to 
enable  shipma8t«rs  to  obtain  the  rates  and  errors  of  theii  chrono- 
meters ;  and  it  is  just  caase  for  regret  that,  for  want  of  co-operation 
in  the  shape  of  needed  supervision  and  care-taking,  his  reasonable 
expectations  ultimately  failed  to  be  realised. 

Thron^ont  his  long  life  an  earnest  supporter  of  schemes  devoted 
to  the  welfare  of  his  fellow-creatures,  Mr  Smith  gave  lib^idly  to 
the  Royal  Infirmaiy  of  ]!!dinbuTgh,  the  Children's  Hoapital,  the 
Dairy  Girl's  Beformatory,  and  oUiet  benevolent  institutions.  With 
a  wholesome  contempt  for  mere  conventional  almt^ving,  he  never 


,  C\>oglc 


Olnivary  Notices.  xiJi 

ahnnk  from  any  obloquy  vhich  might  be  incoired  by  saying  no  to 
applicants  for  schemes  ngaiding  whose  utility  he  vob  not  satisfied 
— wiaaiy  hosbandiug  his  means  for  Ute  unostentatious  lelief  of 
nal  want.  It  will  serve  well  to  illnstcate  his  ways  and  pmiciples 
of  giving,  if  reference  here  be  made  to  a  bequest  of  £600,  which  he 
left  in  charge  of  his  friend  Mr  Thomas  Davidson,  who  writes : — 
"  Mr  Smith  naed  often  to  give  me  sums  of  money  to  expend  on 
material  comforts,  or  more  correctly,  essentials  for  poor  children ; 
and  used  to  listen  with  evident  interest  to  my  stories  about  their 
quick  impulsive  gratitude  and  their  nQconscioos  hnmour  in  its 
erprassion.  I  am  sure,  if  we  knew  it  fully,  there  were  many  other 
ways  by  which  he  gave  charity,  for  it  was  his  habit  not  to  boast 
about  it  to  any  one  else.  That  special  legacy,  however,  is  a 
concrete  example  of  what  was,  I  believe,  a  mood  habitual  to  him,  in 
lus  last  years  at  any  rate,  and  will  help  to  complete  the  picture  of 
the  man  to  those  who  did  not  know  his  inner  life.  The  terms  of 
the  l^^acy  were  (after  some  words  of  kindness  about  myself  which 
I  shall  not  soon  forget)  '  for  the  poor  children  of  the  streets  of  Edin- 
burgh, to  be  spent  by  him  as  he  thinks  best  for  their  good,' " 

Among  associations  for  the  intellectual  improvement  of  his  fellow- 
townsmen,  the  Philosophical  Institution  of  Edinburgh  received  a 
very  large  share  of  his  time  and  energies.  Elected  in  1851,  be 
continued  on  the  Board  of  its  Directors  until  the  day  d  his  death; 
and  even  in  the  very  last  year  of  his  life  he  greatly  interested  him- 
self in  the  formation  of  a  Reference  Libia.ry  for  the  use  of  the  lady 
members,  to  which  he  presented  many  valuable  books  of  reference 
and  of  general  literature. 

Towards  the  erection  of  the  new  Medical  Buildings  of  the 
Univeisity  of  Edinburgh  be  afforded  material  help ;  and  he  pi«- 
aented  £2000  for  the  foundation  of  bursaries,  one  in  Natural 
Philosophy,  and  one  in  Chemistry,  to  be  held  in  the  TTniveraities  of 
Edinbni^b  and  Glasgow  alternately. 

Mr  Smith  never  married.  His  eldest  sister  hod  kept  house  with 
him  throughout  his  residence  in  Edinburgh ;  and,  on  the  death  of 
his  taihet,  his  mother  Euphemia  Mackay  came  also  to  live  with  him. 
Mrs  Smith,  to  the  end  of  her  long  life,  ratained  her  faonltiea  in  a 
wonderful  measure ;  and  her  memory  for  dates,  names,  and  con- 
nections remained  to  the  last  apparently  unimpaired.     She  was  a 
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native  of  Sntherlandsfaire,  related  to  the  MackajB  of  Bighonse ;  and 
ebe  could  trace  her  deeceut  fiom  Donald,  first  Lord  Keay,  an 
anceetoi  whose  exploits  she  was  fond  of  relating.  With  the  ladies 
of  the  Beay  family,  nntil  the  final  extinction  of  its  Scottieh  hranch, 
she  kept  up  a  friendship  and  correepondence.  At  length,  about 
1878,  she  died  at  the  great  age  of  ninety-six,  and  was  in  a  few  yean 
followed  by  her  daughter. 

In  his  house,  4  Bellevae  Crescent,  for  the  best  part  of  forty 
years,  Mr  Smith  had  been  in  the  habit  of  receiving  and  entertainiog 
his  friends,  with  a  kindness  which  many  yet  living  most  remember, 
and  still  more  who  have  passed  away  had  experienced.  But 
although  now  so  bi  advanced  in  years,  and  no  longer  supported 
by  the  companionship  and  help  of  his  kind  and  able  sister 
Eupbemia,  Mr  Smith's  hospitable  dispositions  maintained  their 
supremacy  to  the  end.  In  illustration  of  this  notable  trait  of  his 
character,  and  not  leas  of  the  mprit  de  corps  which  he  always  so 
strongly  manifested  for  the  literary  or  scientific  associations  with 
which  he  was  connected,  the  writer  of  this  notice  desires  to  record 
that  when  in  1883,  although  non-resident  in  Edinburgh,  he  had 
accepted  the  Presidentship  of  the  Royal  Scottish  Society  of  Arts, 
Mr  Smith,  eo  soon  as  he  learned  this,  said — "  There  is  yonr  room,  it 
shall  be  ready  for  you  whenever  you  come  to  attend  the  meetiI^[s 
of  the  Society,  and  you  will  live  with  me."  Thus  in  its  latest 
days  an  old  friendship  became  more  than  ever  intimate ;  and,  for  a 
period  of  nearly  three  ye.ors,  the  writer  had  frequent  opportunities 
of  becoming  better  acquainted  with  the  many  good  qualities  vhich 
distinguished  Mr  Smith.  Very  notable  was  the  youthful  freshness 
of  his  mind.  His  childhood  had  been  spent  in  Hope  Park  near 
Glasgow,  then  a  pleasant  suburban  residence,  where,  as  he  used  to 
say,  pears  and  apples  ripened  the  like  of  which  were  no  longer  to 
be  found,  hut  which  has  now  entirely  disappeared  before  the  over- 
whelming flood  of  town  and  railway  extension.  His  love  of  nature, 
thus  early  acquired,  he  retained  even  in  advanced  old  age :  that 
"  Eye  among  the  blind  "  for  beholding  beauty  in  hmdscapes  and  in 
flowers,  and  that  well-marked  trait  of  sympathetic  natures,  fondness 
for  animals,  keen  observation  of  their  personal  qualities,  and 
hearty  enjoyment  of  their  amusing  ways.  To  this  last  his  strong 
sense  of  humour  doubtless  contributed.    B'o  one  more  eiyoyed  a 
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good  story ;  and  his  quiet  bnt  geaainely  hearty  laugh  his  friends 
mast  veil  remember. 

Kr  Smith  was  an  ardent  lorei  of  works  of  art,  more  especially 
of  pictures,  which  he  collected  with  discrimination.  Not  a  few  of 
Uiese  he  gave  away  to  friends,  and  some  of  the  more  important  he 
presented  to  the  National  Oollery  of  Scotland.  From  1866  to  the 
time  of  his  death  he  was  a  member  of  the  Committee  of  Manage- 
ment of  the  Eoyal  Association  for  the  Promotion  of  the  fine  Arts 
in  Scotland ;  and  Mr  H.  W.  Coiuillon,  its  Secretary,  testifies  to  the 
excellent  services  which  he  rendered  in  that  capacity;  and  that, 
while  Devec  forgetful  of  the  interests  of  the  Association  or  of  its 
contributota,  Mt  Smith  was  unremitting  in  bis  exertions  in  behalf 
of  young  artists  of  merit  by  directing  the  attention  of  the  Com- 
mittee to  their  works. 

It  has  elsewhere  been  justly  remarked  r^arding  Mr  Smith,  Uiat 
"no  one  took  np  more  firmly  and  peisistently  a  cause  which  he 
believed  to  be  sound  and  right."  Of  this,  his  painstaking  exertions 
in  conjunction  with  his  friend  Lientenant-General  Sir  James  E. 
Alexander,  C.B.,  in  calling  the  attention  of  Government  to  the 
Defences  of  the  Harbours  of  Scotland,  and  which  may  be  regarded 
as  having  borne  fruit  in  the  erection  of  the  fortifications  on  Inch- 
keith  and  KLnghom  Nesa,  may  serve  as  an  instance.  Thus  too, 
when,  as  must  indeed  be  admitted,  he  sometimes  took  very  decided 
and  it  may  be  peculiar  views,  in  which  his  friends  were  unable  to 
agree  with  him,  he  nevertheless  was  wont  to  adhere  to  them  with 
characteristic  determination. 

Bnt  those  who  knew  him  best  could  never  donbt  the  sincerity  of 
his  convictions,  nor,  in  the  occasional  manifestations  of  the  severer 
aspect  of  his  character,  couM  they  lose  sight  of  its  essential  good- 
ness, or  forget  its  habitual  geniality.  Thus  also  it  proved  that,  in 
spite  of  his  chaioGteristic  peculiarities,  Mr  Smith's  name  deservedly 
acquired  and  to  the  end  maintained  in  commercial  circles  the  highest 
respect 

In  his  day  he  woe  Chturman  of  the  Chamber  of  Commerce,  and  a 
Director  of  the  Commercial  Bank  of  Scotland.  Although  never 
appearing  prominently  as  a  citizen  of  Edinburgh,  his  means  and 
opportunities  were  for  him  continually  a  "  talent  well  employed," 
whose  influence  for  good  may  not  soon  be  fotgotteu. 
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The  late  Robert  Or^,  Tioe-PreBident.    By  B.  H.  Traqnair, 
M.D.,  F.R.S. 

The  brotherhood  of  science  includee  the  amateur  aa  well  as  the 
professional,  and  the  amateur  who  devotes  what  enei^  and  time 
he  can  snatch  from  a  Isboiioos  huBineee  career  to  the  fortheiance  of 
human  knowledge,  whether  by  original  research,  by  aiding  the 
K«earoheB  of  others,  or  by  keeping  op  an  interest  in  sdenco  among 
his  friends  and  fellow-citizena,  is  worthy  of  being  held  in  affectionate 
remembiance,  ereo  by  thoee  who  are  able  to  devote  their  entore 
tama  and  their  whole  minds  to  scientific  work.  And  at  a  time  too, 
when  so  many  litterateurs  boldly  and  ignorantly  express  their  abhor- 
rence of  the  entire  subject  of  Biological  Science,  our  sympathies  are 
especially  enlisted  in  laToor  of  those  who,  not  as  so-called  popular 
writera,  bat  as  steady  and  devoted  workers,  add  their  own  portion  to 
oar  knowledge  of  particular  branches,  and  also  by  their  example, 
their  conversation,  and  tfaeir  friendship  diffuse  a  liking  for  sncb 
etodiea  in  the  minds  of  oQien. 

An  amatenr  in  the  best  sense  of  the  word  was  Bobert  Gray,  the 
Biil^ect  of  the  present  short  memoir.  He  was  bom  at  Dnnbar  in 
1625,  the  son  of  Archibald  Gray,  merchant  in  that  place,  and  a 
man  of  considerable  literary  tastes,  bat  to  whom  it  was  not  permitted 
to  have  any  groat  share  in  the  direction  of  his  sod's  career,  as  he 
died  when  the  latter  was  only  eight  years  of  age.  Two  years  after- 
wards his  mother  followed. 

It  was  also  at  Dunbar  that  yonng  Gtay  received  his  school  educa- 
tion, and  his  master,  Mr  Lyon,  is  known  to  have  entertained  a  h^ 
respect  for  the  promising  abilities  of  his  pupil. 

His  careeraa  a  man  of  business  may  very  biiefly  be  sketched. 
At  the  age  of  fonrteen  he  entered  the  blanch  of  the  British  Linen 
Company  Bank  at  Dnnbar,  in  which  be  eerved  ss  apprentice  for  fonr 
years.  He  then,  at  the  age  of  eighteen,  entered  the  service  of  the 
City  ol  Glasgow  Bank,  and  two  years  afterwards  left  Dunbar,  on 
obtaining  an  app<Hntmait  at  the  head-office  of  the  same  bank  in 
Glasgow. 

In  Glasgow  he  served  enccessively  in  his  bank  as  secretary's  derk, 
teller,  and  inspector  of  branches,  finally  becoming  agent  at  the  St 
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Vincent  StKset  Branch,  where  he  remaiiied  until,  in  March  1874,  he 
removed  to  Edinburgh  to  take  up  the  office  of  Inspector  of  Bisnches 
in  the  Bank  of  Scotland.  Eight  yeara  afterwards  he  received  hie 
last  promotion,  namely,  to  the  office  of  cashier  in  the  same  bank,  for 
only  five  yean  afterwards,  in  1887,  the  poetwasagain  vacant  thiongh 
hia  lamented  death.  The  steadiness  of  his  promotion,  and  the  popa- 
laiity  and  respect  in  which  ha  waa  always  held  both  by  his  superiors 
and  inferiors  in  official  rank,  are  ample  evidence  that,  notwithstand- 
ing his  other  tastes,  Robert  Gray  was  not  slothful  in  business. 

Mr  Gray  formed  no  exception  to  the  rule,  that  a  taste  for  natural 
history  usually  displays  itseU  at  an  early  age.  As  &  boy  he 
commenced  to  form  a  collection  of  natural  history  specimens,  and,  . 
as  is  also  usually  the  case,  his  firet  studias  were  not  confined  to  any 
particular  speciality,  but  commencing  with  birds'  eggs,  he  went  on 
to  birds'  skins,  which  he  taught  himself  to  prepare,  and  soon  he  also 
included  fishes,  shells,  Crustacea,  and  insects,  in  the  attic  which 
served  him  as  a  museum.  We  have  also  the  usual  complaints  about 
his  bringing  "stinking  beasts"  into  the  house,  mode  by  the  lady- 
hoQsekeeper,  who  managed  the  domestic  oXbxa  of  &e  family  after 
the  early  death  of  his  parents. 

Gradually,  however,  his  attention  became  concentrated  on  the 
subject  of  ornithology,  and  by  his  appointment  to  the  post  of 
inspector  of  branches  of  the  City  of  Glasgow  Bonk,  hie  opportunities 
for  study  in  this  direction  were  much  increased.  He  had  now 
frequent  opportunities  of  travelling,  especially  in  the  western  parts 
of  Scotland,  and  the  method  which  he  systematically  pursued  on 
those  journeys  was,  first,  of  coarse,  to  settle  his  business  with  the 
agent  of  the  branch  in  the  place  he  was  visiting,  and  then  to 
inquire  whether  there  was  any  bird-stuSer  in  the  place,  or  any  other 
person  who  was  interested  in  the  study  of  birds.  In  this  way  he 
gained  many  ornithological  friends  throughout  the  country,  acquired 
many  specimens  of  birds,  filled  many  a  note-book  with  notes  and 
sketches ;  and  to  those  journeys  the  work  by  which  Mr  Gray  is 
best  known — the  Birds  of  the  We^  of  Scotland — owes  its  origin. 
This  del^tful  book,  published  in  1871,  is  now  long  out  of  print,  and 
,  copies  at  present  fetch  five  or  six  times  the  original  published  price. 

During  the  last  few  years  of  his  life  Mr  Gray  was  engaged,  in 
coi^unction  with  his  friend  Mr  William  Evans,  in  collecting  material 
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for  a  compuiion  book  on  the  Birds  of  the  Eaat  of  Seotlaad.  The  ap- 
pearance of  this  work  haa  been  ta^ly  looked  forvaid  to  by  Brituh 
oinitbologista,  and  all  will  be  glad  to  know  tliat  Mr  Evans  intends 
to  complete  and  to  publish  it  with  as  little  farther  delay  as  possible. 

Mr  Gray  was  one  of  a  Bmall  nnmber  of  friends  of  congenial  tastes, 
who  In  1851  founded  the  14'atiiral  Histoiy  Sodety  of  Qlasgow,  a 
Society  of  which  be  became  secretary  abont  the  year  1860.  Under 
his  goiding  influence,  the  Society  increased  in  numbera  and  prosperity, 
and  he  himself  contributed  many  papers  to  its  Proceedingt,  but  on 
his  taking  up  the  post  of  agent  of  the  St  Yincent  Street  Branch  of 
his  bank,  he  felt  constrained  to  resign  the  secretaryship,  as  incom- 
patible with  the  duties  of  Ids  new  office. 

Two  yeara  afterwards,  on  his  removal  to  Edinburgh,  he  entered 
on  a  new  sphere  of  usefulness  in  connection  with  Sodety  work. 
Having  joined  both  the  Royal  and  the  Royal  Physical  Societiea  of 
Edinborgh,  he  soon  was  elected  first  a  Couucillor  and  then  a  Yice- 
Preeident  in  this,  the  former  Society,  and  the  interest  which  he 
took  in  the  entire  work  of  the  Society,  as  well  as  his  success  as  a 
churman  at  the  evening  meetings,  ore  in  the  remembrance  of  us  alL 
But  it  is  more  especially  with  regard  to  the  Royal  Physical  Society 
that  his  influence  for  good  made  itself  felt  This  old  Society, — 
the  oldest  scientific  society  in  Edinburgh  with  the  exception  of 
the  Royal  Medical, — in  whose  meetings  men  like  Fleming  Hugh 
Miller,  Goodsir,  and  Wyville-Thomson  had  taken  an  active  part,  a 
Society  with  which  was  incorporated  the  celebnit«d  Wemerian,  and 
whose  special  function  in  the  encouragement  of  scientific  work  cannot 
fail  to  be  recognised,  had  fallen  into  one  of  its  periodic  fits  of  depres- 
sion. In  1877  the  secretoiyship  became  vacant,  and  fortunately  for 
the  Society  and  its  work  in  Edinbuigh,  there  was  now  no  official 
objection  to  his  undertaking  the  work.  Accordingly  he  was  elected 
secretary,  to  the  inexpressible  satisfaction  of  all  those  who  wished 
the  Society  well,  and,  in  fact,  the  effect  upon  its  prosperity  was 
magical.  He  speedily  gathered  around  him  a  knot  of  energetic 
friends  determined  to  raise  the  Society  again  to  it«  proper  position, 
new  rules  were  drafted,  passed,  and  put  in  force,  the  meetings 
became  more  la^ly  attended,  papers  of  a  higher  class  than  formerly 
came  in,  and  every  year  saw  the  publication  of  a  still  handsomer 
fasciculus  of  Proeeedingg. 
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This  infoaion  of  Dew  life  into  the  Royal  Phfsical  Society  was 
entirely  dae  to  AIt  Gray,  and  affords  admirable  illustration  of  some 
of  those  personal  qualities  which  distinguishod  him  as  an  individuBl. 
So  donbt  he  could  have  effected  little  by  himself,  without  the  aid 
of  those  friends  who  zealously  worked  with  him,  bat  tiiey  were 
drawn  blether  by  his  personality,  io  which  seemed  to  be  concentrated 
the  qualities  dedrable  in  the  secretory  of  a  Society  of  the  kind. 

For  he  was,  in  the  first  place,  a  good  man  of  business,  and  the 
Koyol  Physical  Society  was  at  the  time  sorely  in  need  of  such  a  one 
to  guide  it  through  its  troubles,  financial  and  otherwise.  Then  he 
was  not  only  eminent  in  one  branch  of  natural  htstoty  which  he 
had  adopted  as  a  speciality,  but  his  general  scientific  sympatliies 
were  eztensiTe.  But  it  was  more  especially  his  human  sympathies 
which  gained  for  him  the  willing  co-operation  of  the  older  members 
of  the  Society,  and  excited  the  interest  of  the  yonnger,  for  the  love 
and  respect  which  he  diffused  around  him  acted  as  a  powerful 
incentive  to  others  towards  aiding  him  in  furthering  the  objects 
which  he  had  at  heart.  Mr  Gray  was  one  of  those  very  few  men 
who  are  loved  by  all  who  know  them.  It  unfortnnately  falls  to  the 
lot  of  most  people  to  know  that  though  they  may  have  on  the  one 
side  those  who  look  on  iheaa  with  sympathy  and  approbation,  yet 
on  the  other  stand  those  who  regard  them  with  jealousy  and  dis- 
like. But  Mr  Gray's  warm  and  open-hearted  geniality,  his  sterling 
integrity  of  piupose,  his  equable  temper,  and  his  gentle  affability, 
disarmed  the  hostility  of  those  who  might  have  been  opposed  to  him, 
and  left  him,  as  a  friend  of  mine  has  remarked — "  a  man  with  many 
friends  and  no  enemies." 

And  if  Hr  Gray's  peisonal  qualities  attracted  towards  him  the 
lovo  and  admiration  of  those  who  knew  him,  so  also  did  he  return 
the  affection  of  his  friends  with  overflowing  interest  He  was  a 
genuine  Lowland  Scotsman  in  his  faithful  and  true-hearted  nature, 
and  his  amiable  tendency  was  rather  to  magnify  the  virtues  and 
deserts  of  his  friends,  than  to  criticise  or  think  lightly  of  them  for 
their  faults  and  their  failings. 

During  the  last  five  years  of  his  life  Mr  Gray  had  one  or  two 
severe  attacks  of  illness,  and  hii  relatives  and  friends  began  to  observe 
with  sorrow  and  concern  that  his  bodily  health  was  no  Icmger  what 
it  had  been  in  earlier  days.     Nevertheless,  on  the  very  n 
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the  day  on  which  ths  fatal  blow  descended,  he  eeemed  to  the 
memben  of  hie  family  to  be  in  better  spirite  than  uaoaL  On  the 
16th  Febnuiy  1887,  be  wu  found  unconscious  in  an  aportaieDt 
of  hit  house  need  by  one  of  his  daughters  as  a  studio  for  painting, 
and  on  the  moming  of  the  18th  he  breathed  his  last,  and  so  passed 
from  amongst  us  one  whose  place  in  the  scientific  circles  of  our 
dty,  and  in  the  aSectiona  of  all  who  knew  him,  may  never  again 
befiUed. 


A«a  Qray.    Born  1610,  died  1888.    By  Frofaeaor 
Frederick  O.  Bower. 

It  rarely  happens  that  the  death  of  a  prominent  man  leaves  the 
worid  with  an  unanimous  opinion  as  to  hia  merits :  yet  such  would 
seem  to  be  ^  case  on  the  death  of  Asa  Gray ;  the  familiar  strictuH! 
"  de  mortuis  nil  niai  bonum  "  appears  to  be  here  unnecessary,  for  all 
agree  in  according  to  him  the  highest  position,  not  only  as  a  scientist, 
but  also  as  a  man.  It  was  the  good  fortune  of  many  men  of  science 
in  this  country  to  have  been  acquainted  with  him,  and  that  especially 
at  the  time  of  his  last  visit  to  Europe  in  1887  :  none  could  fail  to 
be  struck  with  his  combined  geniality  and  simplicity  of  maooer, 
while  those  who  knew  his  woik  recognised  that  the  placid  surface 
covered  the  greatest  depths  of  intellect. 

He  was  bom  in  1810,  of  a  family  settled  in  Sauqooit  Valley  io 
the  far  west,  and  devoted  to  rural  rather  than  intellectual  pursuits. 
His  father,  soon  recognising  the  bent  of  his  son's  mind,  gave  him 
Bocb  opportunity  of  schooling  as  the  country  afforded,  and  suhee- 
qnently  young  Gray  entered  on  the  study  of  medicine.  Though  he 
graduated  as  doctor,  he  never  practised,  but  following  his  natural 
inclination  for  purely  scientific  work,  which  hod  already  declared 
itself,  he  became  in  1831  instructor  in  Chemistry,  Mineralogy,  and 
Botany,  and  performed  such  duties  in  various  coU^es  and  schools. 
In  1633  his  appointment  as  assistant  to  Professor  Torrey,  in  New 
York,  marked  an  important  era  in  his  progress.  His  interest  was  at 
first  chiefly  mineralogical,  and  it  was  io  this  subject  that  he  first 
appeared  as  a  writ«r  j  but  during  his  period  of  work  with  Torrey,  his 
attention  waa  diverted  more  exclusively  to  botany,  while  the  literary 
influences  which  then  surrounded  him  may  be  recognised  as  con- 
ducing to  that  excellence  of  style  which  subsequently  distinguished 
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him  B8  a  writer.  In  1838  be  accepted  the  chair  of  Botaay  in  the 
University  of  MichigaD,  wiUi  the  stipolatioa  that  he  should  be 
allowed  first  to  spend  odo  year  abroad :  this  led  to  the  first  of  his 
European  journeys,  of  which  the  last  is  so  fresh  in  the  memory 
of  many,  having  been  made  in  1887,  and  completed  only  four 
monthB  before  his  death.  On  hie  return  to  America  after  his  first 
journey  to  Europe  he  never  actnally  lectDred  at  Michigan,  but  was 
appointed  to  the  chair  of  Natural  History  in  Harvard  College,  and 
went  into  residence  in  Cambridge  in  1842,  Here  he  lived  and 
diedi  exercising  for  a  period  of  forty-six  years  an  almost  creative 
inSne&ce  upon  American  botany.  It  is  true  othen  had  worked 
before,  but  it  was  chiefly  owing  to  Gray  that  a  common  undei'stand- 
ing  was  thoroughly  established  between  the  systematista  of  Europe 
and  those  of  America.  During  his  tenure  of  office  the  ezplontion 
of  the  flora  of  North  America  was  pushed  rapidly  forward :  not  (Hily 
did  he  receive  and  work  up  the  collections  of  others,  but  be  also 
travelled  and  collected  himself.  His  private  herbarium  gradually 
grew  till  in  1864,  he  offered  it,  together  with  his  library,  to  the 
College,  on  condition  that  it  should  be  placed  in  a  suitable  building : 
this  condition  was  fulfilled,  and  his  herbarium  of  200,000  specimens, 
and  his  library  of  about  3200  works,  then  became  the  foundation 
of  whet  is  now  the  most  representative  botanical  iustitntion  of 
America.  To  have  brought  together  and  arranged  each  an  herbarium, 
and  to  have  organised  a  botanic  garden,  would  have  been  a  sufficient 
occupation  for  most  men;  but  Dr  Gray  was  also  engaged  in 
constant  lecturing  up  to  1872,  and  in  producing  such  a  volume  of 
literary  work  as  few  could  equal  As  the  result  of  his  teachiog,  he 
haa  left  behind  him  a  whole  generation  of  capable  botanists,  who 
not  only  follow  in  his  special  line,  but  have  differentiated  in  their 
branches  of  study,  so  that  the  whale  area  of  the  science  ia  now  fitly 
represented  in  his  University  of  Harvard.  Those  who  knew  him 
personally  can  well  imagine  how  firm  a  hold  his  winning  manner 
and  ready  sympathy  would  take  upon  the  minds  of  his  students, 
and  this  ia  one  of  the  first  elements  of  success  in  teaching.  But 
not  only  are  the  wide  intereste  of  Dr  Gray  to  be  traced  in  the 
fact  that  he  left  behind  him  among  his  pupils  men  who  followed 
other  lines  in  the  science  than  bis  own  specialty ;  it  is  patent  from 
his  writings,  and  those  who  look  over  the  comprehensive  list  of  his 
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published  works  will  feel  that  thougli  his  greatest  contributions 
were  to  geographical  distribution,  classificatiou,  and  morphology,  he 
was  no  mere  specialist  in  these  lines.  He  was  one  of  those  who 
quickly  pick  up  the  spirit  of  the  time  in  which  they  live;  in  no 
matter  was  this  more  conspicuous  than  in  his  view  of  the  Darwinian 
theory,  when  it  was  first  brought  forward.  He  took  it  up  at  once,  and 
was  one  of  its  first  prominent  adherents:  his  essays  on  the  suhject, 
now  collected  in  the  volume  entitled  Daneimana,  will  perhaps  be 
hia  work  best  known  to  tiie  general  public :  written  by  one  who 
professes  to  be  an  acceptor  of  "the  creed  commonly  called  the 
Nicene,"  they  will  go  far  to  resolve  those  religious  difBculties  which 
have  obstructed  the  progress  of  Darwinism.  At  the  same  time,  the 
main  points  of  the  theoiy  of  evolatioa  ore  stated  in  these  essays 
with  a  precision  and  appreciation  too  often  wanting  in  articles 
designed  for  the  general  pubhc,  whiltf  fresh  illustrations  were 
supplied  from  the  rich  stores  of  facta  at  the  disposal  of  their  author. 
Doubtless  he  himself  will  hare  regarded  these  contributions  as  a 
bye-play  in  the  main  work  of  his  life,  which  was  to  produce  a 
"  Synoptical  Flora  "  of  N'orth  America :  after  thirty-five  years  of 
preparation  for  this  great  undertaking,  the  first  part  was  issned  in 
1876,  the  second  in  1884:  he  did  not  live  to  complete  it,  thotigh 
the  work  was  left  in  snch  a  position  that  it  can  be  taken  up  and 
finished  by  others.  His  influence  as  a  teacher  upon  the  botany  of 
his  time  was  extended  beyoud  his  own  lecture  theatre  by  means  of 
his  text-books;  his  ElemenU  of  Botany  appeared  as  early  as  1836, 
and  this  book  formed  the  foundation  of  his  Botanical  Text-Book  of 
1842,  which  ran  through  numerous  editions.  In  accordance  with 
the  progress  of  the  time,  this  work  has  outgrown  its  original  form, 
and  in  its  latest  editions  was  planned  to  consist  of  fonr  volnmes ;  of 
these  that  on  morphology  was  by  Gray.  It  is  a  book  too  well  known 
in  this  country  to  require  any  description  here;-  in  itself  it  is  a 
sufficient  evidence  of  the  author's  didactic  power. 

It  would  be  impossible  here  to  do  more  than  mention  the  moat 
important  of  Gray's  writings.  Through  a  period  of  over  fifty  years 
his  prolific  mind  was  continually  producing  fresh  work,  original  mono- 
graphs, text-books,  works  on  classification  and  distribution,  reviews, 
obituary  notices :  the  very  list  of  them  covers  over  for^  closely 
printed  pages.     He  lived  a  strenuous,  active  life,  inspiring  with  hia 
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o^^  energy  and  thoioughneas  those  vith  ivhom  be  came  in  contact. 
He  almost  died  in  harnesB,  aftei  an  illness  of  only  short  duration  ; 
be  had,  however,  the  latisfacUon  of  knowing  that  hia  wotk  was 
appreciated  by  the  men  of  his  time,  for  on  his  last  visit  to  Sniope 
the  highest  academic  honours  were  showered  upon  him,  as  a  due 
recognition  of  the  services  of  America's  greatest  botanist. 


Dp  Samuel  Drew.     By  Arthur  Jackson,  Esq.,  1111.0.3. 

Dr  Samuel  Drew  of  Chapeltown,  near  Sheffield,  was  an  excellent 
type  of  a  body  of  men,  who  in  the  past  have  done  good  work  for 
tha  country,  but  who  are  now,  we  grieve  to  say,  lapidly  dis- 
appearing. The  well-educated  practitioner  in  the  country,  who  is 
ever  ready  to  take  up  with  new  ideas  and  with  fresh  modes  of 
thought,  who  perseveres  to  the  end  of  his  life  with  his  education, 
has  had  great  opportunities  of  conferring  benefits  upon  those  around 
him  beyond  the  ordinary  work  of  hia  profession,  and  has  in  the  past 
wielded  an  influence  in  his  district,  second  only  to  the  vicar  of  the 
pariah.    Such  was  the  position  occupied  by  Dr  Drew  in  Chapeltown. 

Educated  in  Edinbm^h  and  Paris,  his  clear  intellect  enabled  him 
at  once  to  perceive  the  advantages  of  being  a  student  in  those  far- 
famed  centres  of  edncatioD ;  and  there  he  laid  the  foundation  of 
hia  knowledge  of  medicine  and  Hcienco,  which  added  to  the  happi- 
ness of  his  life  in  after  years,  and  which  was  of  such  advantage 
to  his  neighbours. 

He  took  the  customary  degrees  in  Edinburgh  and  London  in 
1852;  proceeding  to  take  the  M.D.  of  Aberdeen  in  1859;  the  B.Sc 
and  D.Sc  of  Edinburgh  in  1875  and  1877;  and  the  Cambridge 
Certificate  in  Sanitary  Science  in  1875. 

He  was  a  conscientious  and  able  practitioner,  commanding  the 
respect  and  confidence  of  his  patients  without  having  recourse  to 
those  artificial  aids  which  are  so  common  at  the  present  time.  He 
identified  himself  with  the  public  work  in  his  district,  enjoying  iu 
his  spare  moments  his  well-cbosen  library,  and  contributing  to  the 
pleasure  and  benefit  of  his  fellow  medical  men  in  Sheffield,  by  the 
part  he  took  in  the  meetings  of  the  Itledical  Society,  of  which  he 
was  in  1878-9  the  President. 

A  clear  thinker  and  a  good  talker,  a  well-informed  and  a  con- 
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soie&tions  man,  his  memory  wiU  long  be  ifivered  by  those  wbo  had 
the  privi]^  of  eojc^ng  his  friendahip. 


William  Diokson.    By  Josiah  LiTingeton,  £sq. 

William  Dickaou  was  bom  in  Edinboigh  in  1817,  beii^  the  son 
of  a  vei7  much  respected  merchant 

Alter  going  through  with  distinction  the  High  School  and  the 
Arts  course  at  the  University,  he  was  offered  a  position  in  the 
Commercial  Bank  of  ScoHand,  where  he  acquired  much  busineBs 
experience,  and  gained  the  respect  and  esteem  of  those  in  the 
management — one  of  the  janiors  in  the  establiahment  being  Sir 
William  Fettea  Doi^laa,  P.R.S.A. 

Mt  Dickson  fonud  it  his  duty,  after  several  years'  service  in  the 
Bank,  to  come  to  the  assistance  of  his  father  in  the  extensive  paper 
business  which  he  carried  on,  and,  along  with  his  yannger  brotber 
David,  be  joined  the  firm  of  James  Dickson  &  Co.,  in  which  the 
talents  and  energies  of  tlie  tiro  brothers  were  eminently  successfnL 

Diligence  in  busineBs  did  no^  however,  prevent  him  from 
engaging  in  other  studies,  and  he  showed  by  his  works  in  oil  and 
water  coloors  that  his  pencil  wanted  only  practice  to  place  h'Tn  in  a 
high  position  among  artists. 

In  1853  Mr  Dickson  made  a  lengthened  tour  in  Syria  and 
Palestine,  districts  then  comparatively  nnknown,  and  on  his  return 
his  descriptive  lectures  were  eagerly  sought,  and  gave  much 
instruction  and  profit  and  delight  to  many  and  crowded  audiences 
threughont  Scotland.  He  brought  from  his  joumeyings  the 
materials  for  the  formation  of  a  museum  descriptive  of  the  Holy 
Land,  its  preducts,  and  the  manners  and  customs  of  the  inhabit- 
ants, which  collection  is  of  very  considerable  value,  illustrating  in  a 
most  attractive  manner  the  Holy  Scriptnree. 

Ur  Dickson  was  elected  a  Fellow  in  1S69,  and  be  took  much 
int«reat  in  the  proceedings  of  the  Royal  Society,  although  modesty 
prevented  him  from  any  active  part  in  its  discussions. 

He  was  an  enthusiast  in  the  cause  of  education,  to  which  for 
upwards  of  forty  years  he  devoted  his  enlightened  talent  and 
unwearied  enei^es. 

He  died  on  the  15th  April  1869. 
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Dr  Andrew  Qraham,  R.N.    By  John  Romanes,  S.S.C. 
{&e«d  Janui;  20, 18S0.) 

Another  of  our  Fellovs  hae  gooe  to  his  rest  Dr  Andrew  Graham, 
Fleet  SuigooD,  Betired,  died  at  hia  leaidence  at  the  Albany,  PiccadOly, 
Ixindon,  oa  the  1st  December  1889,  in  the  73rd  yenr  of  his  age.  He 
■wax  alao  a  Fellow  of  the  Royal  Geographical  Society,  London. 

He  came  of  a  family  of  medical  ptactitioners.  Hia  grandfather,  Dt 
Andrew  Graham,  settled  in  Dalteith  upwards  of  a  century  ago,  and 
after  some  forty  years  of  extenslTe  practice,  died  in  1824,  leaving  five 
sons,  four  of  whom  were  gradoates  in  medicine  in  the  Edinbui^h 
School.  The  eldest  of  these,  Dr  Walter  Graham,  the  father  of  the 
subject  of  the  present  notice,  aasisted  Ms  father  for  many  yeare,  and 
died  of  fever  conttacted  in  practice  at  Dalkeith  in  1827,  while  the 
subject  of  onr  notice  was  but  a  boy  of  about  ten  years  of  age.  Alt«r 
passing  the  earlier  stages  of  his  education,  the  latter  prosecuted  his 
studies  at  the  University  of  Edinburgh.  At  the  medical  clasaes  he 
was  a  diligent  and  successful  student,  and  in  1837  became  a  licentiate 
of  the  Royal  College  of  Surgeons.  In  the  following  year  he  graduated 
as  doctor  of  medicine ;  and  shortly  thereafter,  on  the  19th  ^Novembei 
1838,  he  entered  the  service  of  his  Queen  and  country  as  an  assistant 
surgeon  in  the  Royal  I^avy.  He  became  staff  surgeon  on  27th  July 
1847,and  fleet  surgeon  on  23ndJnne  1664;  and,aftera  full  period 
of  service,  retired  (with  retired  pay)  on  let  April  1870. 

He  served  for  some  time  in  the  Mediterranean  and  East  Indies ; 
and  during  the  Bnsaian  war  he  served  as  surgeon  on  board  the  flag 
ship  in  the  Baltic,  under  Admiral  Sir  Charles  Napier.  At  a  later 
dat«  he  served  in  the  West  Indies  in  H.M.S.  "  Agamemnon,"  under 
Captain  Thomas  Hope,  Pinkie. 

He  received  the  Baltic  medal,  and  also  Sir  Gilbert  Blane's  gold 
medal. 

Wherever  he  served,  he  proved  himself  an  able  and  accomph'shed 
navy  surgeon,  admirably  cool  in  danger,  and  attentive,  both  in  times 
of  peace  and  war,  to  the  health  and  welfare  of  those  under  his  cai& 

He  was  of  a  quiet  nnaasumi^  disposition,  and  endeared  himself 
by  his  goodnees  of  heart  to  all  who  were  acquainted  with  him.  He 
died  a  bachelor;  but  though  many  of  hia  friwids  had  gone  before, 
he  is  survived  by  many — friends,  relatives,  brother  officers,  and 
fellows — who  will  sincerely  mourn  his  loss. 
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Sir  Jtunee  Folsbaw,  Bart.   ByBailie  J.  A.Ba8sell,M.A.,M.B. 

{Be^  Janiuiy  6,  1S90.) 
Lart  June  Sir  James  Falshaw,  Bart,  J.P^  D.L.,  who  had  been 
long  and  honourably  known  in  connection  with  railway  and  muni- 
cipal matters  in  Scotland,  died  in  EdiDbui^h,  at  the  age  of  79. 
He  was  the  son  of  a  wool  merchant  in  Leeds,  where  he  was  bom 
on  2lBt  March  1810,  the  sixth  of  a  family  of  foDrt«eu;  but  it  was 
in  Scotland  that  he  won  fortune  and  reputation,  and  that  he  finally 
settled.  At  school  be  sat  on  the  same  bench  with  Sir  John 
Hawkshaw  under  Mr  Jonathan  Loctwood,  and  at  the  age  of 
fourteen  be  was  articled  for  a  seven  years'  appceQticeship  to  Mr 
Cusworth,  archil«ct  and  surveyor.  At  this  time  he  Iwd  the 
foundation  of  his  first  success  by  mastering  the  subject  of  skew 
arches.  He  then  became  agent  in  charge  of  a  section  of  the  Leeds 
and  Setby  Bailway  foe  the  contractors  Messrs  Hamar  &  Pratt,  who 
subsequently  appointed  him  to  the  entire  charge  of  the  construction 
of  the  Whitby  and  Pickering  Bailway.  In  this  bit  of  work  he 
gained  experience  of  steep  gradients,  curves,  and  other  difficulties 
which  afterwards  stood  him  in  good  stead.  Thereafter  he  obtained 
the  position  of  chief-assistant  to  Mr  G.  Leather,  engineer  of  the 
Aire  and  Calder  N^avigation,  Goole  Docks,  &c.  During  the  seven 
years  he  was  with  Mr  Leather  he  liad  a  share  in  preparing  many 
important  engineering  schemes,  among  which  were  the  Leeds 
Waterworks,  involving  a  tunnel  of  \\  mile,  the  Bradford  Water- 
works, and  the  Stockton  and  Hartlepool  liailway,  of  which  Mr  (sow 
Sir  John)  Fowler  was  resident  engineeer.  When  33  years  of  ^e, 
just  at  the  time  when  tiie  great  outburst  of  railway  construction 
was  in  progress,  he  began  business  on  his  own  account  as  a  railway 
engineer  and  contractor,  and  achieved  considerable  success.  He 
then  joined  the  stafi  of  Messrs  John  Stephenson  &  Co.  in  the 
making  of  the  Lancaster  and  Carlisle  Railway,  which  now  forma 
part  of  the  London  and  North-Westem  Trank  Line.  This  engage- 
ment brought  him  into  contact  with  Mr  Brassey  and  Mr  Mackenzie, 
who  were  associated  with  Mr  Stephenson,  and  with  the  first 
named  well-known  engioeer  he  enjoyed  a  life  long  friendship. 
Under  the  auapices  of  this  firm.  Sir  James  Falshaw  took  a  leading 
part  in  making  large  portions  of  tlie  Caledonian  and  Scottish 
Central  Railways  and  Scottish  Midland      *^lw«vs.     In  1851  hie 
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connection  with  tbo  firm  of  Mesara  John  Stephenson  &,  Ca  ceoaed, 
and  Mr  Falehaw  joined  Mr  Brassey  aa  contractora  for  the  conetrac- 
tion  of  the  Inverness  and  Nairn  and  Elgin  Eailway,  Mr  Falehaw 
taking  the  entire  mauagemenL  By  himself  he  contracted  for  the 
upkeep  for  seven  years  of  the  Scottish  Central  and  Scottish  Mid- 
land lines,  and  for  the  coostructioQ  of  the  Denny  branch  Scottish 
Central  Kailway,  and  the  Fortpatrick,  Stranraer,  and  Glenlnce 
Railway.  With  Mesars  Morkill  &  Frodham,  two  former  assistants, 
he  contracted  for  the  Serwickshire  Railway  and  the  Blaydon  and 
Conside  Branch  of  the  North-Eastem. 

He  became  a  director  of  various  minor  railways,  manufacturing, 
banking,  shipping,  and  insurance  companies,  but  never  forgot  the 
duty  which  he  owed,  to  devote  a  portion  of  his  time  to  the  public 
good,  and  took  the  opportunity  of  a  four  years'  residence  in  Nairn 
to  enter  the  Town  CouncO,  whereupon  he  was  elected  Senior  Bailie. 
In  1658  Sir  James  Falshaw  settled  in  Edinhui^h,  and  at  once  began 
to  interest  himself  in  the  afiaiis  of  the  city.  He  was  returned  to 
the  Town  Council  in  1861,  and  three  yean  later  he  was  elected  a 
Bailie,  and  on  the  resignation  of  Mi  James  Cowan  to  become 
Member  of  Parliament  for  the  city  in  1874,  he  was  elected  Lord 
Provost  At  this  time  the  Town  Council  had  to  face  many  difficult 
questions,  including  the  promotion  of  no  less  than  three  bills  in 
Parliament;  and  the  city  of  Edinburgh  owes  much  to  the  energy  and 
sagacity  shown  by  Sir  James  Falshaw  in  all  departments  of  the  city's 
work.  He  showed  great  zeal  in  making  preparations  when  cholera 
threatened  to  visit  the  town,  and  he  had  a  considerable  share  in 
paseing  the  Improvement  Trust  Act,  which  has  done  so  much  for 
tlie  health  and  amenity  of  Edinburgh.  Among  the  improvements 
executed  during  his  reign  as  Lord  Provost  may  be  mentioned  the 
widening  of  Princes  Street,  the  widening  of  the  North  Bridge,  the 
opening  of  West  Princes  Street  Gardens  to  the  public,  the  covering 
in  of  the  Waverley  Market,  and  the  purchaaii^  of  the  Arboretum. 
Undoubtedly,  the  most  important  work  of  Sir  James  Falshaw's 
municipal  life  was  the  introduction  of  the  Moorfoot  water  supply 
into  Edinburgh — a  scheme  in  which  he  took  a  deep  interest,  and 
which  was  completed  after  his  term  of  ofBce  as  Lord  Provost  bad 
expired,  hut  while  he  was  Chairman  of  the  Works  Committee  of 
the  Water  Trust.     His  Baronetcy  was  conferred  upon  him  in  1876, 
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on  the  occasion  of  the  vMt  of  the  Qaeen  to  ineugumte  the 
equestrian  monnment  erected  in  Charlotte  Squttre  to  the  memory  of 
the  Prince  Consort.  Sir  James  also  filled  the  honourable  office  of 
Master  of  the  Merchant  Company.  He  was  long  connected  with 
the  Kotth  British  Bailway  Company,  of  which  he  was  elected 
Deputy-Chairman  in  1881,  and  eubeequently  Chairman,  an  office 
which  he  held  until  18S7,  when  advancing  age  led  him  to  vacate  the 
more  onerous  position  to  again  become  Deputy-Citairman.  It  was 
during  hie  tenure  of  the  chair  that  the  Tay  Bridge  was  opened,  and 
he  had  a  lively  interest  in  the  still  greater  tmdertaking  pnmiot«d  b; 
the  Forth  Bridge  Company,  of  which  he  was  the  first  Chairman. 

Sir  James  Falshaw  was  elected  an  Associate  of  the  Institution  of 
Civil  Engineers  in  1864,  and  became  a  Fellow  of  this  Society  in 
1866. 

He  was  twice  married — first,  in  1841,  to  »  daughter  of  the  late 
Mr  Thomias  Morkell  of  Astley,  who  died  in  1864;  and  again  in  1871 
to  a  daughter  of  Mr  Thomas  Gibbs,  Norwood.  Sir  James  was  pre- 
deceased by  Lady  Falshaw,  and  left  no  family.  He  was  not 
only  recognised  as  a  man  of  sterling  integrity,  but  one  of  high 
Christian  chaiactec,  and  though  of  a  bnisqne  demeanour,  he  had 
many  friends.  He  was  a  Wesleyan  Methodist,  and  in  politics  a 
ConeerrativB.  In  the  conduct  of  public  business  he  was  clear- 
sighted and  hard-headed,  utterly  fearless,  and  full  of  energy  and 
determination,  and  the  lesults  of  his  reign — both  at  the  Town 
Conncil  and  Railway  Board — were  generally  excellent,  though  it 
must  he  confeesed,  in  the  words  of  the  ScoUrrucn,  that  his  impatience 
of  long  speeches  and  hie  laconic  methods  of  conducting  business, 
ocoaaionally  staggered  the  advocates  of  liberty  of  speech.  In  giati* 
tnde  for  his  services  te  the  city,  his  portrait  vss  painted  by  sub- 
scription among  leading  citizens,  mud  now  hangs  in  the  Conncil 
Chambers, 


Br  Edmund  Bonalda     By  J.  7.  Buobanan,  Esq. 

Dr  £dniniid  Bonalds  was  botn  in  Canonbury  Square,  Loudon, 

in  the  year  1819.     His  father  was  Edmund  Ronalds,  merchant  in 

London,  and  his  mother  Eliza  Anderson,  daughter  of  James  Anderson, 

LL.D.,  also  of  London.     Hia  father's  elder  brother  was  Sir  Fisneis 
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Bonalda,  well  known  in  connection  with  the  ori^  of  the  electric 
telegnph.  He  was  educated  at  a  prl^te  school  in  England,  after 
which  he  went  abroad,  and  studied  at  Giessen,  Jena,  Berlin,  Heidel- 
berg Zorich,  and  ParisL  At  GieBsen  he  was  the  fellow-atudent  of 
Hermann  Eopp,  Fresenina,  Will,  and  other  well-known  chemiata. 
He  returned  to  England  in  1840,  and  lectured  on  chemistry  at  St 
UaiT'a  and  the  Uiddleeex  Hospital.  In  1649  he  waa  appointed 
professor  of  chemistry  in  Queen's  College,  Galway.  In  180$  he 
gave  up  his  professorship,  and  took  over  the  Bennington  Chemical 
Worka,  where  the  tar  and  ammonia  liquor  of  the  Edinburgh  Gas 
Works  were  dealt  with.  At  the  expby  of  the  contract  Dr  Bonalda 
retired  from  business,  and  lived  at  Bonnington  House  nntil  his 
death,  on  9tb  September  1889.  He  was  a  constant  attendant  at 
the  meetinga  of  the  Society,  and  although  he  rarely  took  an  active 
port  in  its  proceedings  he  always  took  a  lively  interest  in  eveiy- 
thing  that  went  on.  He  had  an  admiiably  appointed  laboratory, 
with  the  use  of  which  he  waa  moat  generous ;  and  among  the 
numerous  chemiets  who,  either  as  students  or  teachers,  have  from 
time  totimeieddedin  Edinburgh  during  the  last  thirty  yeore,  then 
are  none  who  do  not  remember  him  with  affection. 


Joseph  J.  Ooleman.  By  Frofesaor  M'Kendriok. 
Joseph  J.  Coleman  died  on  18th  December  1888,  in  the  49th 
year  of  his  age.  Iiained  fiiat  as  a  chemist  and  druggist,  he  was 
eady  led  to  the  study  of  chemical  science^  and  so  soon  as  in 
his  22nd  year  he  contributed  papers  on  chemical  subjects  to  the 
Proeetding*  of  the  British  Association.  In  comae  of  time  he 
became  chemist  to  the  Young's  Paraffin  Xi^i  and  Uineral  Oil 
Company,  and  in  this  capacity  made  original  inveatigatione  on  the 
gases  produced  in  the  distillation  of  bituminous  ahale.  By  sub- 
mitting these  to  great  pressure,  at  a  low  temperature,  Mr  Coleman 
obtained  highly  volatile  liquid  hydrocarbons.  This  inveatigation 
led  him  to  the  problem  of  the  mechanical  production  of  low 
temperatures,  and  to  the  invention  of  the  well-known  machine  by 
which  a  low  tempetstnre  is  maintained  in  the  holds  of  steamers 
conveying  large  cargoes  of  fresh  meat  from  America  and  Australia. 
Along  with  Mr  James  Bell,  the  method  was  Eniccessfully  carried  out, 
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and  Mr  Coleman'e  diy-air  mectumical  refrigerators  were  fitted  np  in 
moRj  steamers.  Mr  Coleman  acqnired  a  modest  fortnne  from  his 
invention,  and,  retiring  to  Bearsden,  near  Glasgov,  he  bnilt  a  small 
private  laboratory  in  connectiim  with  his  house,  and  devoted  him- 
self entirely  to  original  investigation.  He  c<»itributed  numerooa 
papers  to  the  FhiloBophical  Society  of  Qlaegow,  to  this  Society,*  to 
the  Society  of  Chemical  Industry,  and  to  the  Institution  of  Civil 
Engineers.  For  many  years  Ur  Coleman  suffered  from  weak  health, 
and  at  length  his  frail  body  snccumbed  to  a  complication  of  disorders. 
He  was  a  man  of  bright  and  lively  intelligence,  who  took  an  original 
view  of  any  scientific  question  to  which  his  mind  was  directed. 
Althoi^h  eminently  practical  as  a  chemical  engineer,  he  had  a  great 
regard  for  the  first  principles  of  science,  and  even  for  those  problems 
in  chemistry  and  physics  that  are  of  merely  speculative  interest  to 
moat  men.  Few  were  more  gifted  with  the  power  of  recognising  the 
practical  applications  of  scientific  theory,  and  it  was  this  quality 
of  mind  that  led  him  to  the  invention  of  the  machinery  for  the 
mechanical  transference  of  heat  with  which  his  name  will  alwaya 
be  assocdated. 


Franz  Coroelius  Dondere.     By  Professor  M'Keodridc 

This  distinguished  physiologist  and  ophthalmologist  was  born  in 
North  Brabant  on  27  th  May  1818,  and  died  at  Utrecht  on  24th 
March  1889.  Educated  in  the  Dutch  Koyal  Hospital  for  Military 
Medicine  and  Surgery,  he  practised  for  a  time  as  army  surgeon  in 
Ylieseingen  and  in  the  Hague ;  but  an  anatomical  and  pathoI(^cal 
investigation  on  the  nervous  centres  having  attracted  the  attention 
of  the  authorities,  he  was  soon  appointed  lecturer  on  anatomy  and 
physiol<^  to  the  Royal  Military  Academy  in  Leyden.  This  ofGce 
he  held  till  1S46,  when  he  was  appointed  professor  extraordinary  in 
the  Medical  Faculty  of  the  University  of  Utrecht;  in  1852  he 
became  an  ordinary  professor ;  and  on  the  death  of  Schroeder  van 
der  Eolk,  in  1862,  he  was  called  to  the  chair  of  physicdogy.  He 
filled  this  chair  till  1889,  when  he  retired  in  compliance  with  the 
law  of  the  universities  in  Holland,  by  which  no  professor  can  occupy 
a  chair  after  attaining  his  seventieth  year.  Soon  after  his  retirement 
his  health  gave  way,  and  he  died  after  a  series  of  apoplectic  attacks. 
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In  1843,  when  [^ysMogista  were  tuvch  occspied  with  the  cell 
tbeorj'  of  Schleiden  and  Schwann,  Dondeis  carried  on  researches 
with  Miilder,  more  especially  in  the  chemical  examination  of  the 
tiAsuee  while  under  the  microscope.  He  also  about  this  time  came 
nnder  the  influence  of  the  great  German  physiologist  Johann 
Miiller,  whose  doctrines,  mora  especially  those  relating  to  the 
nervous  system  and  the  senses,  have  largely  moolded  the  hfe-work, 
not  only  of  Danders,  but  of  Hdmholtz,  Carl  Ludwig,  and  many 
other  physiologists  in  Germany.  In  these  early  years,  also,  be  was 
much  occupied  with  the  study  of  the  dynamical  characters  of  living 
beings,  and  in  a  well-known  paper  on  the  Metabolism  of  Tissue  as 
the  Source  of  the  proper  Heat  of  I^ants  and  Animals,  be  showed  how 
the  skin  acts  as  a  regulator  of  bodUy  temperature,  and  he  discussed 
the  relation  between  heat  and  work  in  tbe  living  tisaues.  The 
fame  of  Donders  largely  rests,  howerer,  on  his  researches  on  vision. 
In  1846  appeared  a  paper  on  tbe  Movements  of  the  Human  Eye, 
and  \iaB  was  followed  by  many  aimilar  contributions  through  a 
series  of  years.  Id  these  papers,  which  were  lai^y  devoted  to  the 
problems  of  single  viaion,  the  nature  of  the  horopter,  the  conditions 
of  stereoscopic  vision,  and  tbe  mechanism  of  tbe  movements  of  the 
eyeballs,  Donders  substantially  laid  the  groundwork  of  our  present 
knowledge  of  these  subjects.  He  also  wrote  on  the  Relation  between 
Convergence  and  Accommodation,  the  Regeneration  of  tbe  Cornea, 
and  on  tbe  Use  of  Lenses  in  the^Treatment  of  Squint,  After  a  visit 
to  London  in  1861,  when  he  became  acquainted  with  the  dis- 
tinguished ophthalmologist  von  Graefe,  he  resolved  to  devote  hie 
life  chiefly  to  this  department  of  tbe  medical  art,  and  for  many  years 
he  enjoyed  a  lar^  practice  as  an  ophthalmic  surgeon.  For  twelve 
years  be  edited  tbe  NetUrlandteh  Lmteet,  in  the  pages  of  which  many 
important  communications  on  ophtfaalmological  subjects  appeared 
from  his  pea  The  great  work  of  bis  life,  however,  was  a  volume 
entitled  Anomaliet  of  Refraction  and  Aeeommodation,  a  translation 
of  which  was  published  by  the  New  Sydenham  Society.  Familiar 
with  the  researches  of  Gauss,  Listing,  and  Helmholt^  Donders 
inveatigated  mathematically  and  by  experiment  the  optical  conditions 
of  the  normal  eye,  and  showed  bow  these  were  modified  in  myopia, 
hypermetropia,  and  astigmatism.  He  also  discussed  theoretically 
the  influence  of  age  upon  refraction  and  the  mechanism  of  accom- 
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modation,  and  be  gave  piecieiou  to  the  optic^  metbode  for  aacer- 
tainiiig  and  eatimating  anomalies  of  refnctioD.  In  all  of  these 
reseaichea  he  not  only  showed  himself  to  be  an  able  mathematician 
and  physicist,  bat  he  enlisted  the  interest  of  the  medical  profession 
at  large  hy  the  careftil  clinical  records  given  of  individual  cases 
soSeriog  trom  anomalies  of  vision,  and  by  the  ingenuity  and 
efficiency  of  the  meana  devised  foi  theii  reliel  Dondeie  also 
contributed  papers  on  Physiological  Time  in  Psychical  Processes,  the 
Nature  of  Vowel-Tones,  Speech,  and  the  Cardiac  Sounds.  All  his 
writings  are  characterised  by  exactitude  of  statement^  facility  in 
illostntion,  and  graceful  diction.  The  subject  is  always  treated 
with  the  hand  of  a  master.  Of  commanding  statute,  a  dignified 
presence,  a  large  Apollo-tike  head  with  a  luxuriant  wealth  of  hair, 
dark  somewhat  rugged  features,  and  eyes  that  sparkled  with  the 
lustre  of  genius,  Dondrae  was  a  man  whose  peraonality  is  not  likely 
soon  to  fade  from  the  memory.  Eminent  among  physiolo^ats,  chief 
among  oculists,  a  great  teacher,  and  a  good  citizen,  bis  life-work  is 
thus  summed  up  by  his  frigid  Molescbott:— "Of  himit  would  he 
difficult  to  pronounce  whether  he  was  greater  or  mora  prolific  as  an 
inveatigator,  or  clearer  or  mora  effective  as  an  expositor,  or,  lastly, 
mora  duteous  and  helpful  as  a  healer  of  that  organ  which  is  the 
portal  of  wisdom  and  love." 


Bev.  James  Qrtmt,  D.D.,  D.C.L.  Ozon.     By  A.  Beatson  Bell, 

Eaq.,  Advocate. 

(Bead  Jaanory  G,  18S1.) 

James  Giant  was  the  third  son  of  the  Bev.  Dr  Andrew  Orant, 
proprietor  of  the  estate  of  Limepotta,  in  the  county  of  Perth,  and 
minister  succeaaively  of  Portmook,  Kilmarnock,  Conongate,  Trinity 
College,  and  St  Andrews,  Edinburgh,  Dean  of  the  Chapel  Royal, 
and  Chaplain  in  Ordinary  to  George  III.,  George  IV.,  and 
WiltiamlV. 

He  was  bom  in  the  manse  of  Fortmoak,  Kinmrm  nhim.  on  23rd 
January  1800,  and  when  James  was  quite  a  child,  his  father  was 
translated  to  Kilmarnock.  He  thera  received  the  elements  of  his 
education,  and  on  his  father's  aubeequent  translation  to  Edinboigh 
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hfl  wu  sent  to.  the  High  School  of  this  city,  and  aft«rwardB 
attended  the  TJnivetBity,  both  in  Arts  and  Divinity.  His  career 
there  vaa  marked  with  distinction,  espedaUy  in  the  field  of  Classics, 
and  in  Qreek  he  was  &  claas-fellow  and  rival  of  Dr  'William  Yeitch 
of  Jedbnrgh,  the  learned  author  of  the  well-known  work  on  the 
Greek  iiregular  verb.  It  was  a  tradition  that,  at  least  in  one 
Beesiou,  James  Qiant  sncceeded  in  standing  first,  while  Yeitch  was 
second  in  the  Greek  class. 

He  was  licensed  by  the  Presbytery  of  Edinburgh,  and  almost 
immediately  thereafter,  in  1824,  was  ordained  minister  of  the  first 
cbai^  of  Soatii  Luth.  There  he  remained  with  much  acceptance 
to  the  lai^  congregation  for  nineteen  years,  notwithstanding  some 
tempting  offera  of  tranalation.  He  early  was  acknowledged  aa  a 
leader  in  the  Cbnrch  Coarta,  and  in  1837  was  one  of  a  deputation 
(which  included  Dr  Chalmers  and  other  eminent  divines)  who 
presented  in  person  the  cfrngratnlatory  address  from  the  Church  of 
Scotland  to  Qneen  Yictoria  on  her  acccEeion.  In  the  same  year  he 
waa  one  of  a  depntation  sent  by  the  General  Aftsembly  to  inquire 
into  the  religions  condition  of  the  people  of  the  Island  of  Skye. 

By  this  time  the  troublous  events  of  the  "ten  years'  conflict" 
had  commenced,  and  Dr  Grant  was  much  engaged  in  its  various 
controversies.  Many  of  these  are  now  matters  of  somewhat  remote 
history,  and  it  would  he  improper  in  a  notice  snch  as  this  to  stb 
embers  of  former  fires.  It  may  be  enough  to  mention  that  when 
the  party  opposed  to  those  with  whom  Dr  Grant  acted  proceeded  to 
the  extreme  act  of  deposition  of  some  roiuisters  in  the  Presbytery  of 
Strothbogie,  Dr  Grant  and  his  friends  denied  the  l^ality  of  the 
proceedings,  and  deliberately  visited  Strathbogie  for  the  purpoee  of 
holding  ministerial  communion  with  the  deposed  ministers.  For 
this  ecclesiastical  offence  the  majority  of  the  Assembly  inflicted  the 
nominal  punishment  of  BOspension  from  judicial  functions  for 
nine  months.  During  his  suspension  he  received  a  largely.tdgned 
address  of  confidence  from  his  flock,  and  the  same  year  (1842)  the 
University  of  Gla^ow  conferred  on  him  the  degree  of  D.D.  At 
this  time  also  he  wsa  appointed  chaplain  to  the  Highland  and 
Agricultural  Society  of  Scotland,  an  honour  which  he  much  valued, 
and  which  be  retained  till  bis  death.  Next  year  (1843)  aaw  the 
end  of  the  ten  years'  conflict.     The  parish  of  St  Mary's,  Edinburgh, 
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had  become  vacant  by  the  demission  of  Dr  Henry  Gray,  who  bad 
gone  oat  with  the  Tree  Church,  and  Dr  Grunt  was  offered  by  the 
Town  Council  the  preeentation.  After  fall  deliberation  he  accepted 
the  tranelatioQ,  and  the  rest  of  his  active  ministerial  life  waa  passed 
in  St  Mary's.  At  a  later  period  of  the  same  year  he  was  offered  by 
the  Town  Council  a  preeentation  to  one  of  the  charges  of  the  High 
Church  (St  Giles),  bat  he  declined  the  offer.  He  was  also  then 
appointed  Collector  of  the  Widows'  Fund  of  the  Ministers  and 
Profeaeora,  an  ofl3ce  which  he  held  until  1860,  and  in  which  bis 
remarkable  talent  for  hnsiness  found  congenial  scope.  For  ten  yeara 
after  his  remoTal  to  Edinbui^h  he  was  much  occupied  in  a  contro- 
Tersy  which,  in  its  day,  excited  bitter  feeling,  but  which  is  happily 
now  nearly  forgotten — viz.,  the  Edinburgh  Annaity  Tax  question, 
in  regard  to  the  manner  in  which  funds  for  the  payment  of  the 
stipends  of  the  ministers  of  Edinburgh  were  rueed.  Dr  Grant,  as 
one  of  these,  ministers,  was  a  prominent  figiire  in  the  discueeions, 
and  ultimately  when  the  controversy  was  settled  by  l^islation  on 
the  footing  of  the  payment  of  a  capital  sum  by  the  Corporation  of 
Edinburgh,  the  interest  of  which  was  to  take  the  pkoe  of  the  old 
tax,  and  to  be  applied  by  a  newly-conetituted  Ecclesiastical  Com- 
mission, Dr  Grant  was  at  once  elected  a  member  of  that  Commission, 
and  ultimately  became  ita  chairman.  Thie  was  the  period  of  his 
greatest  activity,  both  in  parochial  work  and  in  the  Church  Courts, 
and  in  1851  he  became  Moderator  of  the  General  Assembly.  The 
same  year  he  received  from  Oxford  at  Commemoration  the  honorary 
degree  of  D.C.L,  the  only  other  recipient  of  that  degree  among  the 
clergymen  of  the  Church  of  Scotland  having  been  Dr  Chalmer& 
In  1860  he  began  to  retire  from  active  life  outside  his  parochial 
work.  His  attendance  in  Church  Courts  almost  ceased,  and  in  that 
year  he  resigned  the  CoUectorship  of  the  Widows'  Fund.  In  1871 
he  resigned  his  parochial  chaise,  and  for  the  last  nineteen  years  of 
hie  hfe  he  lived  in  retirement  from  active  ministerial  work,  devot- 
ing himeelf  much  to  the  management  of  various  religious,  charitable, 
and  educational  institutions,  in  the  governing  bodies  of  which  he 
held  a  seat.  He  was  for  more  than  fifty  years  an  Honorary  Fellow 
and  Chaplain  of  the  Haiveian  Society,  and  at  the  annual  meetings 
of  that  body  he  came  in  contact  with  many  of  the  most  eminent 
medical  men  in  Scotland,  including  many  Fellows  of  this  Society. 
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He  became  a  Fellow  of  our  Society  in  1851,  and  for  many  yean 
WHS  a  regular  attender  at  the  meetings,  and  he  served  for  several 
years  on  the  CounciL  Although  not  himself  a  scientific  worker,  he 
took  much  interest  in  hearing  of  the  progress  of  science  in  the 
world,  but  the  papers  on  the  literary  aide  of  the  Society,  then  more 
numerous  than  of  late  years  they  have  been,  probably  had  greater 
attractions  for  him.  He  passed  away  on  28th  July  1890,  at  the 
ripe  age  <^  ninety,  preserving  his  intellect  unclouded  and  his 
interest  in  life  unabated  to  the  end. 

Although  he  could  not  be  described  as  a  great  preacher,  his  pulpit 
ministrations  were  appreciated  by  bis  successive  flocks.andhis  kindly 
interest  in  their  wel&re  secured  the  affection  of  many.  Probably  hia 
most  characteristic  quality  was  his  sagacity  as  a  counsoUor,  whether 
amidthe  turmoil  of  ecclesiastical  strife,  or,  later  in  life,  in  the  manage- 
ment of  the  numerous  societies  and  institutions  with  which  he  was 
connected.  His  memory  will  be  cherished  as  that  of  ooe  who 
realised  the  dignity  of  his  high  profession,  and  exhibited  in  bis 
perstm  some  of  the  best  qualities  of  a  Scottish  clergyman  of  a  school 
now  fast  passing  away. 


Professor  Kolbe.    By  Prof.  Crunx  Brown. 

Professor  Herman  Kolbe  was  the  eldest  son  of  the  Bev.  Carl 
Kolbe  of  Elllehausen,  near  Gdttingen,  and  was  born  on  the  27th 
of  Sepl«mbei  1818.  He  was  educated  at  home  by  his  father  till 
his  fourteenth  year,  when  he  entered  the  Gottingeu  Gymnasium.  In 
April  1838  he  began  the  study  of  chemistry,  under  Wohler,  in  tile 
University  of  Gotttngen,  where  he  also  acquired  a  thorough  theo- 
retical and  practical  knowledge  of  physics  and  mineralogy  under 
Listing  and  Hausmann. 

In  1842  Kolbe  was  appointed  assistant  to  Bunsen  in  the  chemical 
laboratory  of  the  University  of  Marburg.  He  took  the  degree  of 
Ph.D.  in  that  university  in  the  following  year,  the  title  of  his 
thesis  being  "  On  the  Products  of  the  Action  of  Chlorine  on  Bisul- 
phide of  Carbon." 

In  the  autumn  of  1845  he  removed  to  London  as  assistant  to 
Lyon  Flayfair.  In  the  spring  of  1847  he  returned  for  a  short  time 
to  Marburg,  and  in   the  autumn   of  the   same  year  removed  to 
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Bnmawick,  to  undertake  the  editorship  of  the  great  Dictionary  of 
Cfiemisiry,  begun  by  Liebig  and  Poggendorff  in  1837. 

In  1851  he  was  called  to  Marbarg  to  socceed  Bnnsen,  who 
had  been  traiiski«d  to  Brealau.  He  temained  in  K&rbnig  till 
1865,  when,  on  the  unanimous  request  of  the  Faculties  of  Hedidne 
and  Philosophy,  he  was  called  to  succeed  Kiihn  aa  ptofeesor  of 
chemistry  in  the  TJniTeisity  of  Leipdg; 

In  1870  he  added  to  his  profeeeotial  work  Uut  of  the  editorship 
of  the  JourruU  fUr  praMiaehe  Ghemie.  He  died  very  suddenly, 
of  heart  disease,  on  the  evening  of  the  25th  iNovember  18S4. 

This  short  notice  of  the  principal  landmarks  in  Kolbe's  life  has 
been  taken  from  the  full  and  interesting  account  given  by  his  son-in- 
law,  Professor  K  t.  Meyer,  in  the  Journal  f&r  prakHxhe  Chemie. 

Perhaps  the  most  striking  feature  of  Eolbe's  scientific  character 
was  its  independence.  "FTiH  opinions  and  viewn  were  his  own,  and 
were  to  an  extraordinary  d^ree  unaffected  by  the  opinions  and 
theories  of  others.  This  independence  gives  a  peculiar  value  to  his 
theoretical  writings,  but  it  had  also  its  disadvantages.  The  in- 
dividual character  of  his  style  of  thinking  and  writii^  cwtoinly 
confined  his  immediate  influence  very  much  to  those— comparatively 
few — chemists  who  took  the  trouble  to  leom  his  language  and 
understand  his  methods.  The  ideas  which  he  originated  have  now 
been  to  a  great  extent  translated  into  the  language  of  modem 
chemistry  and  form  part  of  the  common  doctrine,  bnt  many 
chemists  are  unaware  of  their  source,  and  would  scarcely  rec<^ise 
them  in  the  form  in  which  they  were  first  pafalished.  The  loss 
to  science  was  temporary,  and  Kolbe's  fame  may  be  safely  entrusted 
to  future  historians ;  hut  the  misnndeiBtandin^  which  was  a  mis- 
understanding  on  both  sides,  led  sometimes  to  a  kind  of  strife 
painf nl  to  all  the  friends  of  those  involved  in  it 

It  is  not  possible,  within  the  limits  of  an  obituary  notice,  to  do 
more  than  very  briefly  itadicate  the  general  character  of  the  groups 
of  investigations  made  by  Kolbe,  and  of  the  theoretical  conclusions 
he  drew  from  their  resulte. 

Eolhe's  first  great  research,  published  in  1846,  was  on  the  com- 
pound formed  by  the  joint-«ction  of  chlorine  and  water  on  bisul- 
phide of  carbon.  This  substance  has  the  composition  GCl^SOj, 
and  its  investigation  formed  the  natural  sequence  to  his  gndoation 
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theds  mentioned  above.  From  this  "  sulphite  of  perchloride  of 
carbon  "  Xolbe  obtained  the  potaesiam  salt  now  reprsBented  by  the 
formnla  CCl,80jOK,  and  fiom  the  corresponding  hydrogen  ealt, 
by  sncceeeively  nplacing  the  chlorine  by  hydrogen,  CHCl^SOjOH, 
CHjClSOjOH,  and  CHgSOjOH. 

A  great  series  of  inveatigationa,  beginnii^  with  a  joint  work  by 
.  Frankland  and  Kolbe  on  the  action  of  caiutic  potash  on  the  cyanidea 
of  the  alcohol  radicals,  led  Kolbe  to  theoretical  views  as  to  the  con- 
stitntion  and  relation  to  one  another  of  the  gronp  of  acids  now  known 
as  "carboxyl  compounds"  and  the  corresponding  aldehydes,  alcohds, 
ketoDes,  &G.  These  considerations  profoundly  influenced  the  history 
of  chemistry,  although,  for  the  raaaon  already  mentioned,  Eolbe  has 
not  even  now  obtained  full  credit  for  what  he  did.  It  is  tme  that  we 
m  very  apt  to  read  old  papers  in  the  light  of  recent  discoveiies  and 
to  find  in  them  more  than  their  writers  intended,  and  the  composer 
of  an  Moge  is  specially  liable  to  this  error;  hot  it  is  impossible 
to  read  Kolbe'a  papers  without  seeing  that  he  fully  recognised,  at 
a  time  when  no  one  else  had  a  glimpse  of  the  truth  on  the  matter, 
what  is  the  real  relation  of  the  "  sulphone  "  and  "  carbone  "  acids  to 
sulphuric  and  carbonic  acids  respectively,  and  expressed  theee 
relations  and  those  of  the  acids  to  the  aldehydes,  alcohols,  ketones, 
in.,  with  perfect  distinctness.  His  theory  enabled  him  to  predict 
the  discovery  of  Uie  secondary  and  tertiary  alcohols ;  and  when 
Friedel  pablished  his  discovery,  that  acetone  gives,  by  treatment 
with  nascent  hydrogen,  a  propylio  alcohol,  Eolbe  at  once  declared 
that  this  must  be  one  of  his  secondary  alchohols,  and  that  on  oxida- 
tion it  must  give,  not  propionic  aldehyde  and  acid,  but  acetone,  as 
was  soon  after  found  to  be  the  case. 

A  very  early  and  most  interesting  investigation  by  Kolbe,  on  the 
"  Electrolysis  of  Fotassiam  Yalerianato  and  Potassium  Acetate," 
belongs  to  the  period  of  his  short  residence  in  Loudon.  The  most 
striking  result  was  the  synthesis  of  &6  hydrocarbons  Bj,  if  we  write 
the  potassium  salt  electrolysed  R-CXX)K ;  but  the  products  of  the 
etectrolyais  were  very  carefully  examined  by  Kolbe,  who  detected 
among  them  the  ethers  K-COOK. 

Another  important  and  extensive  series  of  researches  bear  upon 
the  "  oxy-acids."  His  investigations  en  lactic  acid,  and  the  long  and 
interesting  controversy  with  Wurtz  on  the  constitution  of  lactic 
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acid,  the  syntheais  of  ealicyUc  acid  (by  Ko1b«  and  Lautemann),  and 
the  reduction  of  unmeroos  oxy-acids  by  means  of  hydriodic  acid, 

carried  out  by  his  pupils,  belong  to  this  group.  In  this  connection 
it  is  right  to  note  that  it  is  to  Kolbe  that  we  owe  our  knowledge  of 
the  antiseptic  action  of  salicylic  acid. 

Besides  numerous  scientific  papers,  chiefly  pabllshed  in  the  Anna- 
Im  der  Chemie  und  Pharmacie  and  in  the  Journal  fUr  praktigeiie 
Chemie,  Kolbe  mote  many  of  the  articles  in  the  great  Dictionary 
of  Okanistry,  of  which  he  waa  editor,  and  a  very  valuable  Aus/iihr- 
liches  Lehrbtich  der  organischen  Chemie.  In  the  first  and  second 
volumes  of  this  Lehrbueh  {the  only  part  written  entirely  by  Kolbe) 
we  have  a  very  full  account  of  his  views  on  the  constitution  of  the 
alcohok,  acids,  and  their  derivatives.  He  also  published  two  short 
text-books,  one  on  inorganic,  and  the  other  on  organic  chemistry. 


JameB  Duncan  Matthews.     By  Professor  W.  Canniohael 

M'IntoBh,  F.R.S8.  Lond.  and  Edin. 

(Bead  January  E,  1891.) 

The  story  of  a  long  life,  spent  in  the  service  of  science,  for  the 
moat  part  tells  it  own  tale,  and  is  more  oi  less  independent  of  the 
biographer  j  but  it  is  different  when  a  young  worker,  broken  in 
health,  and  thus  hampered  in  his  efforts,  succumbs  before  Teaching 
middle  age. 

Sorn  in  Aberdeen,  Mr  Matthews  commenced  life  as  an  architect 
in  the  ofBce  of  his  father  (ex-Lord  Provost  Matthews  of  SpringhiU), 
intending  to  follow  this  profession.  At  the  age  of  nineteen,  bow- 
ever,  he  suffered  from  a  severe  attack  of  typhoid  fever,  which 
greaUy  enfeebled  his  constitution,  and  permanently  iigured  Ms 
lungs.  Though  he  made  several  long  sea-voyages  to  Australia  and 
America  for  the  benefit  of  his  health,  he  only  partially  succeeded, 
for  the  chest-affection  continued  slowly  to  progress. 

Though  in  feeble  physical  health,  his  active  mind  was  eager  for 
action,  and  he  was  led  to  pursue  microscopical  work.  He  then 
entered  Aberdeen  Uuivereity,  and  studied  various  biological 
subjects — especially  zoology — which  was  taught  by  Professor 
Ewart,  then  newly  appointed,  and  with  whom  a  friendship  sprung 
up.     Greatly  interested  in  the  subject,  he  resolved  to  devote  his 
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vbole  energies  to  Eoological  pnrsuils.  His  first  eaaay — commimi- 
cated  to  the  British  AsBociation  at  Southport — waa  on  "Wo<d 
Plugs  and  Sterilised  Fluids,"  a  enbject  for  which  hU  conscientiouB 
exactDOBB  and  ingenuity  peculiarly  fitted  him.  He  concluded  by 
expressioft  doubts  as  to  the  efficiency  of  wool  plugs  as  filtering 
agents  when  a  strong  current  passed  through  them. 

"When  Professor'  Ewarfc  was  transferred  to  Edinburgh,  Mr 
Matthews  followed  him — becoming  Demonstrator  in  Zoology  in 
the  University.  While  in  this  position,  he  won  the  favour  of  the 
students  and  others  by  his  unvarying  courtesy,  punctuality,  and 
attention  to  duty.  Professor  Prince,  now  of  St  Mungo's  College, 
Glasgow,  who  was  associated  with  him  in  class-work  during  the 
sammer  of  1884,  writes  of  liim  thus  : — -"One  of  the  brightest  spots 
in  my  Edinburgh  experience  w&a  my  daily  asaocistion  with  Duncan 
Matthews,  a  devoted  and  nnwearied  worker  amidst  all  the  dis- 
advantages  of  ill-health  and  bodily  weakness.  He  was  a  most 
accurate  and  painstaking  zoologist,  a  skilful  draaghtsoian,  and  was 
well  acquainted  with  foreign  ichthyological  lit«ratura  Edinburgh 
never  had  a  more  worthy  and  accomplished,  or  a  more  unobtrusive 
and  kindly,  professorial  assistant.  His  published  papers  give  no 
idea  of  his  laborious  industry  and  devotion  to  zoological  work — 
work  which  social  and  other  circamstancss  rendered  by  no  means  a 
necessity." 

Along  with  Professor  Ewart  he  drew  up  and  published  a  series 
of  directions  for  the  students  of  the  Practical  Class  on  the  examina- 
tion of  various  invertebrates — similar  to  those  used  in  University 
College,  London.  The  critical  acutenesa  of  Mr  Matthews  was 
well  fitted  for  this  work,  which,  indeed,  mainly  fell  on  his  shoulders. 
Yet  at  this  time  he  seemed  to  experienced  eyes  to  be  on  the  verge 
of  grave  thoracic  complications,  and  one  could  not  but  feel  for  the 
young  assistant  gallantly  adhering  to  duty  in  the  absence  of  his 
senior  when  the  cold  winds  of  spring  told  so  heavily  on  his  congh. 
Kevertheless,  no  complaint  fell  from  his  lips,  and  he  performed 
every  task  cheerfully  and  well.  He  snbsequently,  however,  had  to 
interrupt  his  labours,  and  obtain  partial  relief  of  the  symptoms  by  a 
visit  to  the  qniet  grounds  of  SpringhiU.  Next  year  (1885)  he 
published  a  veiy  interesting  paper  on  the  presence  of  an  oviduct  in 
an  adult  mate  skate,  besides  another  series  of  the  joint  notes  for  the 
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stadents  on  the  diasection  of  the  skate.     Theee  notes  gave  bim 
even  more  labour  than  tiie  previous  publication  on  the  invertebrates. 

Beaidea  his  duties  in  connection  with  the  class  of  Zoology  in  t3ie 
University,  he  was  employed  by  the  Fishery  Board  for  Scotland  to 
cany  on  various  researches  on  fisheries'  subjects  and  tabulate 
results,  bat  he  was  not  responsible  for  certain  of  the  deductions 
made  from  the  latter.  His  singolarly  clear  and  cautions  mind  made 
him  slow  to  arrive  at  conclusions — especially  in  cases  fraught  with 
both  doubt  and  difficulty.  One  of  his  earlier  papers  on  fisheries' 
questions  was  a  moat  careful  and  methodical  report  on  the  sprat- 
fishing  of  1883-84.  He  accurately  pointed  out  the  various 
distinctions  between  the  sprat  and  the  herring  (with  the  exception 
of  the  pelagic  ^g  of  Oie  sprat — then  unknown),  and  concluded  by- 
demonstrating  that  in  the  Firths  of  Forth  and  Tay,  and  in  the 
Moray  Firth,  the  sprat  fishermen  captured  during  the  winter 
months  143,000,000  young  herrings. 

He  continued  his  researchea,  notwithstanding  veiy  feeble  health, 
in  1S85,  and — his  father  being  then  Lord  Provost  of  Aberdeen — 
he  besides  took  much  interest  in  the  arrangements  for  the  meeting 
of  the  British  Association  at  Aberdeen  in  the  autumn  of  the  same 
year.  He  attended  many  of  the  meetings  of  the  Association— 
eapecially  in  Section  D  (Biology) — thot^h  be  did  not  commnnicatt. 
any  of  bis  papers.  He  had  much  to  do,  however,  in  aiding  his 
father  in  his  ent«rt(unments  at  Springhill,  and  in  making  his  guesta 
(amongst  whom  were  Sir  Lyon  Flayfair,  President  of  the  Associa- 
tion, Lady  Flayfair,  and  Lord  Bayleigh)  spend  a  most  pleasant 
week. 

ISovr  fairly  entering  into  the  spirit  of  the  fisheries*  work,  he 
took  ap  the  question  of  the  varieties  of  the  herring.  In  the  skilful 
hands,  and  by  the  exact  methods,  of  Mr  Matthews  certainty  took  the 
place  of  doubt,  and  though  difficulties  still  remuned,  he  at  any  rate 
reduced  the  erron  from  limitation  of  observation  to  a  minimum. 
Heincke's  paper  on  the  varieties  of  the  Baltic  herring  did  not  come 
into  bis  hands  before  his  own  observations  were  nearly  completed, 
bat  he  was  able  to  make  a  comparison  of  the  methods.  The  labour 
involved  in  this  paper  may  be  estimated  when  it  mentioned  that 
16,000  measurements  and  20,000  sabseqaent  calculations  were 
included,  and  that  the  general  size,  dimensions  of  the  head,  diSer- 
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ences  in  tlie  position  of  the  fins,  and  other  points,  were  elaborately 
investigated  and  taholated  with  a  tenacity  of  purpose  and  innate 
akill  in  the  manipulation  of  figures  which  were  proniineEt  charac- 
teristics of  Mr  Matthews.  He  caDtioOBl;  concludes  this  preliuiinaty 
paper  by  the  statement  that  the  winter  and  anmmer  herrings 
slightly  differ,  viz.,  in  the  more  posterior  position  of  the  fins,  the 
donbtfiUly  smaller  head  and  slightly  lesser  size  of  the  summer 
herrii^s, 

Abont  this  time  he  also  inTeatigated  the  kindred  subject  of  the 
whitebait  of  the  Thames  and  Forth,  and  published,  in  conjunction 
with  Professor  Ewart,  his  results  in  a  short  paper.  The  percentage 
of  sprats  and  yonng  herrings  in  these  localities  is  given — the  former 
lai^gely  predominating.  In  the  winter  fishing  of  the  Firth  of  Forth 
the  young  herrings  are  practically  absent,  and  in  that  of  the 
Thames  they  are  in  the  proportion  of  only  6  per  cent.  As  the 
season  advances  the  number  of  yonng  herrings  increases — reaching 
in  May  and  June  80  per  cent  of  the  shoals,  but  again  decreasing 
in  Jnly. 

He  continued  his  persevering  reeearcbes  on  the  supposed  races  of 
the  herring  in  Scottish  waters,  and  issned  a  second  paper  on  the 
subject  in  the  Fishery  Board's  Report  for  1887.  Here,  again,  the 
careful  nature  of  his  work,  his  respect  for  the  obeervations  of  others, 
and  his  own  sound  deductions  are  noteworthy.  As  the  result  of 
his  laborious  tables  and  long-continued  attention  to  the  subject,  fas 
states  that  there  is  no  true  racial  distinction  between  the  herrings  of 
the  various  localities  around  our  coasts,  and  that  the  slight  differ- 
ences indicated  in  his  former  paper  do  not — after  more  extended 
observations — warrant  him  in  making  a  distinction.  The  variations 
in  the  positiou  of  the  dorsal  fin  during  the  growth  of  the  herring 
would  alone  have  rendered  the  observer  careful  not  to  place  too 
much  weight  on  the  slight  differences  formerly  indicated,  and  one 
can  almost  sympathise  with  the  earnest  young  worker  who  so  faith- 
fully plodded  through  such  a  mass  of  materials — skilfully  handling 
every  available  point — yet  with  only  a  negative  result  as  the  reward 
of  his  free  expenditure  of  labour.  He,  however,  had  a  talent  for 
figures,  and  Ms  deductions  were  always  characterised  by  conscien- 
tiousness and  exactness. 

His  investigations  on  the  herring  had  rendered  him  familiar  with 
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the  anatomy  of  the  fish,  and  more  particularly  with  the  skeleton 
and  its  variations.  Accordingly,  at  this  time  he  drew  up 
aa  elaborate  account  of  the  akeletoo  of  the  herring,  detailing 
every  hone  individually  and  in  relation  to  its  neighbours — 
the  whole  illustrated  by  seven  plates,  for  he  bad  a  facilo 
and  accurate  pencil  The  amount  of  patient  and  monotonous 
work  in  this  treatise  is  great,  and  must  with  hia  other  labours  have 
taxed  the  delicate  frame  of  Mr  Matthews  to  a  dangerous  extent — 
careful  aa  he  was  to  husband  his  enemies — solely  for  the  advance- 
ment of  science.  The  skull,  vertebrce,  fine,  and  other  parts  are 
minutely  described  and  figured,  and  the  more  important  difl'erences 
occurring  in  the  twaite  and  the  allia  shad,  the  pilchard  and  the 
sprat,  are  mentioned.  This  investigation  alone  would  have  entitled 
Mr  Matthews — as  a  skilful  comparative  anatomist— to  the  respect 
of  every  zoologist. 

This  year  (1887)  was  his  most  prolific  one,  for  in  addition  to  the 
foregoing  laborious  papers  be  produced  two  others.  The  hrst  con- 
sisted of  a  report  on  the  examination  of  400  stomachs  of  whiting, 
the  contents  of  which  were  carefully  tabulated.  H's  observations 
led  him  to  beheve  that  the  whiting  fed  for  the  moat  part  on  small 
fishes  and  crustaceans,  thus  differing  to  some  extent  from  the  cod 
and  haddock,  both  of  which  had  a  more  varied  dietary.  The 
second  paper  gave  an  account  of  the  nest,  eggs,  and  newly-hatched 
larvee  of  the  Ballan  Wrasse  {Laimu  maculaUu)  from  Broadford  in 
Skye.  Mr  Matthews  was  tiius  the  first  obaerver  who  recorded  this 
feature  in  our  country. 

The  efforts  of  1 887  j  ust  recorded,  and  of  the  previous  years — when 
he  several  times  lectured  for  Professor  Ewart,  aa  well  as  conducted 
the  class  of  Practical  Zoology — proved  too  severe  a  strain,  and  he  had 
to  retire  to  Springhill,  his  quiet  walks  amidst  the  beautiful  gardens 
and  grounds  of  which  had  formerly  restored  a  measure  of  health. 
There,  as  his  brotlier-in-lBW,  Dr  Ogston,  tells  us,  he  lived  amongst  his 
specimens  and  aqou^ — "  converting  his  rooms  into  extemporised 
workshops  and  laboratories,  where  his  investigations  were  carried 
on.  As  his  strength  waned,  these  grew  more  intermittent,  but  even 
to  the  latest  hour  of  consciousness  he  remained  surrounded  by  his 
plants  and  animals,  and  showed  his  interest  in  them."  A  journey  to 
London  to  attend  Uie  funeral  of  his  u^icle,  Di  Matthews  Buncan, 
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A  kindred  spirit,  and  to  whom  he  was  tenderiy  attached,  danger- 
ously ezhanBted  him,  and  since  that  time  hia  strength  gradually 
diminiahed.  He  died  on  the  24tb  Kovemher  1870  at  the  age  of 
thirty-nine  years. 

Mr  Matthews  had  a  singularly  clear,  well-balanced,  and  rigorous 
inteUect,  keen  obeervation,  and  remarkable  powers  of  application. 
There  ie,  indeed,  no  doubt  that  he  would  hare  achieved  an  eminent 
position  in  science  if  his  health  had  been  favourable.  As  it  was, 
he  became  one  of  the  best  authorities  on  the  dupeoids,  and  no  one 
took  more  interest  in  the  group.  Even  when  confined  to  bed,  and 
unable  to  do  more  than  write  briefly  in  pencil,  he  perscveringly 
tried  to  secure  anchovies,  then  appearing  here  and  there  on  our 
coasts,  so  that  fresh  observations  on  thb  form  might  be 
carried  out. 

Taken  as  a  whole,  the  career  of  Mr  Matthews  is  an  instance  of 
exemplary  devotion  to  duty — under  great  physical  difficulties — in  a 
field  he  had  deliberately  chosen.  Many  men  in  his  position  would 
have  felt  the  weight  of  physical  illness  sufficient  to  hear,  and  would 
have  passed  their  valet  udinariau  hours  in  search  of  ease  and  repose. 
Not  BO  with  Mr  Matthews.  Like  Edouard  GlaperMe  of  Geneva,  he 
even  adhered  to  his  labours  after  repeated  bEemoptyses — preferring 
"  rather  to  wear  the  sword  out  than  let  it  rast  out."  The  hand  of 
the  gentle  young  naturalist  has  vanished,  but  hb  accurate  work  will 
remain  as  a  proof  of  his  resolute  perseverence  under  difficulties,  and 
of  kb  loyalty  to  Eooi<^cal  science. 


Memoir  of  Colonel  Sir  Henry  Yule,  R.E.,  C.R,  K.C.S.L, 
LL.I>.,  Ac    By  Ooutte  Trotter. 

(Read  J&Doary  5,  1891.) 

When  the  Royal  Society  of  Edinburgh,  in  1883,  conferred  the 
distinction  of  an  Honorary  Fellowship  on  Colonel  Henry  Yule,  they 
were  moved  thereto,  probably,  as  much  by  the  wide  range  of  sub- 
jects felicitously  touched  by  bis  genius,  as  by  the  rare  quahty  of 
the  work  done  by  him  in  hb  special  domain  of  Comparativa 
Geography. 

The  difficulty    of    adequately   handling    these    nanmona    and 
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Tiuied  topics,  and  still  more  of  doing  justice  to  the  peiBonol 
qualities  of  the  man,  within  the  space  nsoallf  allotted  to  snch  a 
notice,  increases  the  hesitation  I  have  felt  in  complyiiig  with  the 
wish  of  the  Society  that  I  should  undertake  the  task  ;  and,  in  so 
tax  as  I  owe  this  honour  to  my  intimate  friendship  with  Heniy 
Ynle,  I  am  not  teassorad  when  I  recall  the  many  eminent  and 
representative  men  with  whom  I  shared  that  privilege. 

The  youngest  son  of  M^or  William  Yule  of  the  Indian  Anny 
(himself  a  devoted  student  of  Oiiental  literature),  Henry  Yule  was 
bom  at  Inreiesk  oa  the  Ist  May  1820.  The  family  had  for 
many  generations  previously  held  a  leading  place  among  the 
well-to-do  farmers  of  East  Iw>thian,  being  settled  in  the  parish  of 
Birleton,  where  they  also  owned  some  land  ;  and  many  of  them  lie 
buried  in  the  old  church  of  Gullune.  The  subject  of  this  memoir 
hod  two  brothers,  who  both  distinguished  themselves  in  India — Sir 
George,  a  very  able  and  popular  civilian,  and  Kobert,  who  fell 
fighting  at  the  head  of  his  regiment,  the  9th  Lancers,  before  Delhi, 
during  the  Mutiny.  The  family  is  said  to  be  of  Danish  origin, 
the  name,  spelled  Jul,  or  Juul,  being  still  not  uncanimon  at 
Copenhagen. 

Henry  Yule  was  at  first  intended  for  Cambridge,  and  probably 
for  the  Law,  for  after  leaving  Edinburgh  be  was  placed  successively 
under  two  mathematical  tutoia — Hamilton,  author  of  Conie 
Sectiona  and  subsequently  Dean  of  Salisbury,  and  Challis,  after- 
wards Flnmerian  Professor  at  Cambridge.  His  fellow-popils  here 
were  the  late  Bev.  Dr  John  Mason  Neale,  and  Dt  Harvey  Good- 
win, the  present  Biehop  of  CatUsle.  The  latter,  to  whoee  kindness 
I  am  indebted  for  these  remiuiacences,  says  that  Yule  "showed 
much  more  liking  for  Greek  plays  and  for  German  than  for  mathe- 
matics, though  he  had  considerable  geometrical  ingenuity."  That 
he  had  this  seems,  indeed,  pretty  clear  from  the  fact  that  <^  one 
occasion  he  solved  a  problem  which  had  puzzled  the  fnture  accom- 
plished mathematician  who  tells  the  story.  Yule's  comment  on  the 
matter,  addressed  to  Goodwin,  being — "  The  difference  between  you 
and  me  is  this,  you  like  it  and  can't  do  it ;  I  don't  like  it  and 
can  ^0  it."     He  added  "  Keale  neither  likes  it,  nor  can  do  it." 

His  having  to  leave  Mr  Challis,  who  could  no  longer  accom- 
modate him  as  a  pupil  on  removing  to  Cambridge,  may  have  led 
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Yale  to  reconsider  hu  fatnre  course  &nd  abandon  Cambridge  for  an 
Indian  caieer. 

In  1837  ha  vent  to  the  Indian  Military  College  of  Addiscombe, 
and  passing  out  thence  at  the  head  of  his  term  wae  appointed, 
in  1840,  aflei  a  year's  residence  in  Chatham,  to  the  Bengal 
Engineers.  Whilst  at  Chatham,  as  his  contemporary  Qeneral 
Ojllineon  writes  :*  "Altboogli  he  took  small  part  in  the  games  and 
other  recreations  of  oar  time,  his  knowledge,  his  native  humoar,  and 
hia  good  comradeship,  and  especially  hie  strong  sense  of  right  and 
wrong,  made  him  both  admired  and  respected." 

His  earliest  Indian  appointment,  among  the  Khasiaa,  a  primidve 
Mongoloid  people  on  the  north-east  outdkirts  of  Bengal,  is  interest- 
ing as  having  led  to  the  fitst  of  his  many  quaint  and  curious  notices 
of  remote  Eastern  peoples.! 

Another  literary  memorial  of  his  early  days,  evidence  already  of 
the  literary  instinct,  was  a  volume  on  "  Fortification,"  %  written 
Tvhile  at  home  on  furlough  (1849-51),  and  lecturing  on  the  subject 
at  a  long-vaniehed  Edinburgh  institutiini — the  Military  Academy. 
"  It  may  still,"  his  brutber  engineer  writes,  "  be  read  with  benefit ; " 
while  for  the  general  reader  its  interesting  biographical  notices  and 
portiaita  of  famous  engineers  make  it  very  unlike  the  ordinary  pro- 
fessional treatise.  A  French  translation  appeared  in  Paris  in 
1858. 

Henry  Yale'  had  previously,  in  1843,  been  at  home  on  leave, 
when  he  was  married  to  Anna  Maria,  daughter  of  General  Martin 
White  of  the  Bengal  Army ;  and  on  his  return  to  India  in  1852, 
after  his  second  fnrlongh,  his  wife,  o«dng  to  bad  health — the  result 
of  an  accident  soon  after  their  marriage — was  unable  a^in  to 
accompany  him.  Between  1843  and  1849  he  was  serving  with 
that  group  of  dietingaished  engineer  officers — among  whom  we 
recall  the  names  of  Burd  Smith,  Cautley,  W.  £.  Baker,  Napier 
(afterwards  Lord  Napier  of  Magdala),  and  Richard  Stracbey  (the 
last  named  the  only  survivor) — then  engaged  on  that  great  and 
successful  enterprise,  the  reatoratiou  and  development  of  the  irriga- 
tion system  of  the  Mogul  dynasty  in  the  North-West  Provinces. 

*  Boyal  EngifMort'  Journal,  lit  Febmary  1890. 

f  JounuU  o/lhe  Anatw  Saeitty  of  Bengal,  vols.  xi.  and  xiiL 

J  Published  by  Wm.  Blackwood  »  Sona,  1861. 
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These  labonrs  w«ie  intemipteil  in  1846  and  1848  by  the  fint 
and  secoDd  Puujab  wars,  in  both  of  which  he  saw  actire  Bervic& 

The  confidence  already  placed  in  him  by  Lord  Dalhonaie  was 
ahown  by  his  appointment  to  an  important  poet  in  connection  with 
the  great  scheme  of  Indian  railways  which  that  statesman  had  just 
introduced,  and  was  pressing  on  with  characteristic  energy,  a  post 
entailing,  from  its  novelty,  mnch  hard  and  onxione  stndy ;  and  this 
led  on  to  his  appointment  as  Under-Secretary  in  the  newly- 
established  department  of  Public  Works,  to  the  head  of  which  he 
succeeded  on  the  retirement,  after  the  Mutiny,  of  his  friend  and 
chief  Sir  W.  Baker.  In  the  meanwhile,  during  the  Burmese  war, 
he  was  despatched  to  aurrey  the  frontiers  of  Arakan,  when  he 
acquired  the  friendship  of  Sir  Arthur  Phayre,  a  capable  and  justly 
popular  administrator,  whose  name  will  always  be  honourably 
associated  with  Burmese  affairs.  This  acqnaintance,  no  doubt,  led 
to  the  appointment  of  Captain  Yule  as  secretary  to  the  return 
mission  of  reconciliation  despatched  to  Bnrmah  in  1855,  after  the 
war,  under  Sir  Arthur  Phayre.  It  was  stipulated,  however,  by 
Lord  Dalhousie  that  Yule  should  be  the  chronicler  of  the  expedi- 
tion, a  promise  amply  fuIfiUed  in  a  Report  to  Government,  which 
was  afterwards  reK»st  and  published  by  Smith  &  Elder  in  1858,  and 
is  interesting  to  us  as  his  first  independent  work  of  importance. 

It  has  been  sold  that  his  attention  was  first  directed  by  his 
Burmese  journey  and  studies  to  the  afisira  of  those  regions  beyond 
India,  on  which  he  afterwards  became  so  great  an  authority ;  but 
the  truth  is,  we  find  much  of  the  knowledge,  and  of  the  literarj- 
intuition,  here  already,  and  even  thus  early  in  his  career  we  wonder  at 
the  variety  of  information  displayed,  and  the  luminous  generalisa- 
tions put  forth,  both  alike  destined — and  this  is  no  common 
praise — to  stand  the  teat  of  later  and  fuller  investigations,  now  so 
much  more  easy  to  make.  The  illustrations  are  mostly  from  his 
own  pencil,  in  the  nse  of  which  he  was  no  mean  proficient. 

The  work,  compiled  amid  the  absorbing  labonra  of  his  Galcntta 
ofBce,  was  finished,  to  judge  by  the  conclnding  sentence  of  its 
preface,  amid  still  more  engrossing  scenes.  It  is  dated  "  Fortress 
of  Allahabad,  October  3,  1857." 

"  If  life  be  granted,  I  doubt  not  all  my  companions  in  the  Ara 
Mission  will  look  back  to  our  social  progress  up  the  Inwadi,  with 
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its  many  quaint  and  pleaaant  memorios,  as  to  a  bright  and  joyous 
holiday;  whicb,  indeed,  it  vas.  But  for  one  standing  heie  on  the 
margin  of  these  rivers,  which  a  few  weeks  ago  were  led  with  the 
blood  of  oar  mnrdeied  brothers  and  sisters,  and  straining  the  ear  to 
catch  the  echo  of  our  avenging  artillery,  it  ia  difficult  to  turn  the 
mind  to  what  seem  dreams  of  past  days  of  peace  and  secnrity ;  and 
memory  itself  grows  dim  in  the  attempt  to  repass  the  gulf  which 
the  last  few  months  has  interposed  between  the  present  and  the 
time  to  which  this  Narrative  refers." 

He  visited  soon  after  these  tragedies  the  historical  Well  of 
Cawnpore,  and  afterwards  designed  the  erection  which  encloses  it. 

On  his  way  home  from  Bnimah  he  was  sect  to  report  on  the 
defences  of  Singapore,  and  the  works  he  recommended  were 
Banctioned  by  Government. 

Although  residence  in  India  daring  the  latter  years  of  his  stay 
became  in  some  degree  distasteful  from  various  causes — among 
others  the  prolonged  aheence  from  wife  and  child,  and  considera- 
tions of  health — be  enjoyed  the  compensation  of  feeling  that  his 
cbaiacter  and  services  were  appreciated  in  the  highest  qaarters,  for 
the  confidence  and  r^ard,  so  fully  and  heartily  bestowed  by  Lord 
Dalhoosie,  were  continued  in  no  stinted  measure  by  Lord  Canning ; 
the  intimacy  becoming  natarally  greater,  for  such  a  crisis  as  the 
Mutiny  brings  out  the  deeper  qualities  of  good  men,  and  reveals 
them  to  each  other.  His  admiration  for  Lady  Canning,  and  regret 
for  her  loss — a  victim  to  the  anxieties  of  that  terrible  time — «re 
recorded  in  some  touching  lines  to  the  memory  of  that  charming  and 
gifted  woman.  He  retired  from  the  service  in  1862,  with  the  less 
hesitation  that  Lord  Canning,  who  was  then  retorning  to  England, 
had  given  him  the  confident  assurance  that  he  should  receive  some 
suitable  employment.  And  no  doabt  this  would  have  been  the 
case  had  Lord  Canning  lived.  But,  as  may  be  remembered,  he  died 
almost  immediatoly  after  his  return,  and  even  had  he  left  any 
political  heir.  Colonel  Yule  would  have  been  the  last  man  to  urge 
his  own  claims.  Full,  however,  of  sympathy  and  interest,  personal 
as  well  as  public,  in  his  late  chiefs  career,  be  was  deeirous  to 
write  his  life.  But  the  famUy  declined  his  offer,  which  ia  to  be 
regretted,  not  merely  because  the  various  short  memoirs  he  has 
since  compiled  are  models  of  what  such  esaaya  ought  to  be,  but  also 
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becatise  the  deliberate  utterances  of  such  a  roan,  treating,  as  he 
must  have  done,  Bome  of  the  more  important  Indian  topics  of  tbe 
day,  would  have  had  much  ictereat  and  value.* 

The  harsh  stroke  of  fortune,  by  which  he  was  denied  professional 
employment,  was  a  gain  to  literature^  for  tbe  period  of  thirteen 
years  whicb  elapsed  before  be  found  himself  again  in  official 
barness  produced,  vitb  other  important  work,  tbe  book  on  which 
his  literary  reputation  chiefly  depends,  viz.,  the  traoslatioii  and 
editing  of  Marco  Poio.  It  seems  safe  to  prophecy  a  lasting 
reputation  for  this  work,  since  it  is  hardly  conceivable  that  editing 
could  be  better  done,  and  its  appearance  in  1870  placed  its  anthor 
by  common  consent,  here  and  abroad,  in  the  very  front  rank  of  tbe 
geographers  of  his  time.  Yet  its  appearance  was  not,  stricUy 
speaking,  a  surprise.  The  nature  and  extent  of  tbe  writer'a 
learning  was  already  known  by  various  essays  on  allied  aabjecta, 
and  notably  by  a  work  written  for  tbe  Hakluyt  Society  four 
years  previously,  entitied  Cathay  and  the  Way  Thither.  This 
important  work,  long  out  of  print  and  practically  inaccessible, 
contains  a  fund  of  curious  information  on  mediieval  Asia,  and  on 
the  relations  from  earliest  times  between  China  and  the  West,  man 
especially  during  the  period  of  Chinese  exclnaiveness  which  inter- 
vened between  the  fall  of  tbe  Mongols  and  tbe  arrival  on  the 
scene,  two  centuries  later,  of  the  Portuguese  and  Spaniards.  Bnt 
the  Hakluyt  Society  addresses  a  limited  class  of  readers  only,  while 
Marco  Polo,  alike  from  the  romance  which  still  clings  to  tbe  old 
traveller's  name,  and  from  the  quaint  illustrations  and  other  excel- 

*  Eia  pducipat  biographic&l  noticw  am  of  Ui^or  James  Bennell,  B.E.,  th« 
geogiapber  ;  Genenil  A.  C.  Robertson  ;  OenerBl  Sir  W.  £.  Baker  (written 
jointly  with  General  R.  Msclaf^n) ;  General  W.  A.  Grommelin  ;  General  W. 
W.  Greatbed  ;  and  Colonel  George  Tbomson.  The  Irat-tiamed  officer  is  known 
to  hme  as  having  psrfonoed  the  feat  which  led  to  the  fall  of  Ghnznse^ 
Aceompaniad  by  two  anbaltems,  under  a  heavy  fire,  he  carried  a  hag  of 
gmipowder  to  tbe  gate  of  the  fortreaa  and  blew  it  in,  enabling  onr  troops 
to  enter.  A  leading  newspaper,  writing  hia  obituary,  stated  that  Thomson 
"was  present  at  the  capture  of  Qhnznee,"  on  wbieh  Ynla  chaiacteriatiolty 
contmeute — "The  facl:  will  hardly  be  controverted  ;  we  believe  it  it  also  true 
that  Todleben  was  preseut  at  the  defence  of  SebsstopoL"  These  are  all  in 
tbe  Ef/yai  Bugineera'  Journal.  A  notice  of  Sir  Arthur  Phayre  is  in  the 
B.O.S.  Proceedings  for  1886,  There  »  s1«o  a  very  miriooa  notice  of  George 
Strachon,  an  early  Persian  ttavellnr,  in  the  Asiatie  Quarterly  BtvUie,  v.  10. 


,,GoogIc 


Obituary  Noticei.  xlix 

lencee  of  the  Tolnme,  appealed  to  b  far  widei  circle.  Not  tbe  least 
among  the  merits  aad  attiactions  of  tfaia  ftmous  book  is  the  style  of 
the  translation  iteelf.  It  is  archaic,  and  jet  living  and  instinct 
with  the  Tei7  spirit  of  the  old  Venetian.  The  translator  has  lived 
so  long  with  him  and  his  contemporaries  that,  vhile  always  his 
editor,  and  wielding  the  accumolated  knowledge  and  diacritic 
facnltj  of  these  later  days,  he  is  in  intimate  sympathy  with  these 
brethren  five  hundred  years  his  juniors.  How  thorough-going  the 
intimacy,  is  sufficiently  shown  by  the  preface,  written  in  fourteenth- 
centat;  French,  to  tbe  second  edition,  and  which  some  matter-of-fact 
readers,  though  greatly  pUEzIed,  are  said  not  to  have  discovered  to 
be  njeu  ^e»prH. 

A  fashionable  London  lady,  otherwise  imperfectly  posted,  once 
addressed  Sir  Henry  Taylor  as  "  Mr  Van  Arteveldt ; "  and  Colonel 
Yule's  popular  identification  with  his  hero  was  hardly  lees  complete, 
and  he  enjoyed  it,  and  often  signed  occasional  letters  to  the  papers 
with  the  initials  "M.  P.  V."  (or  "Marcus  Faulus  Venetus"). 

But  beyond  even  this  spirit  of  discriminatdng  sympathy,  as  givii^ 
value  to  these  works,  were  his  remarkable  thoronghnees  and  accu- 
racy, the  outcome  of  a  ecmpnlons  aud  uncompromimng  honesty,  and 
an  "infinite  capacity  for  taking  pains."  And  with  sympathy,  accn- 
racy,  and  memory — and  Colonel  Yule  had  a  marrellons  memory^ 
the  diligent  scholar  is  already  far  on  his  way. 

It  is  characteristic  of  him  that  he  takes  a  personal  satisfaction  in 
rehabUitating  the  reputation  for  accuracy,  and  anyhow  the  truthful- 
ness of  intention,  not  only  of  the  great  "  Marco  Milione,"  but  of 
such  lesser  lights  as  Friar  Odoric,  Marignolli,  and  others,  among  tiie 
medifevals ;  while  with  equal  shrewdness  and  geoeroaity  he  defends 
the  Abb4  Hue  against  the  strictures  of  Ftejevalski,*  reasoning 
acutely  enough  that  his  amusing  and  phenomenal  lack  of  science 
was  no  proof  of  bad  faith  or  dishonesty.  For  all  these  travellers, 
as  workers  in  his  own  Faeh,  have  his  special  sympathy,  and  he, 
with  a  wider  grasp  than  others  of  their  special  difficulties,  is  the 
more  ready  to  make  allowance  for  them.  He  had  a  strong  feeling, 
not  only  that  all  such  work  should  be  done  as  well  as  possible,  but 

*  Mongolia,  kc,  hy  Lientenint-Coloiiel  N.  PrejevalakL  Tnnatated 
from  the  Rusman  by  E.  D,  Mot^^,  with  introductioii  and  notas  by  Colonel 
Yule. 
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her  just  when  his  ovu  health  wse  declining,  and  Ms  need  of  snch 
coDipanionship  the  gieatei. 

Among  other  eubjecta  of  interest  to  him  in  these  ktter  years,  the 
Hakluyt  Society  had  naturally  a  prominent  place,  its  objects  coire- 
sponding  closely  to  the  line  vhich  he  had  made  mora  especially 
his  own ;  and  not  a  few  of  the  merits  of  various  works  by  others  in 
that  series  have  been  due,  as  their  authors  would  willingly  admit, 
to  the  help  he  so  ungrudgingly  gave.  HiH  own  last  work  in  the 
series.  The  Diary  of  Sir  William  Sedges,  to  which  he  devoted 
much  of  his  latest  energies — -poured  out  like  the  profuse  flowering 
of  a  dying  tree — overflowed  into  a  third  volume,  which  contains, 
inter  alia,  a  mass  of  curious  documentary  material  towards  a 
biography  of  Thomas  Pitt,  grandfather  of  the  first  Lord  Chatham,  and 
of  "  Pitt  Diamond  "  celebrity- — the  story  of  that  famous  stone  being 
given  at  length.  It  was  but  very  shortly  before  his  death  that  he 
resigned  the  Presidency  of  this  Society,  and  sent  for  hie  accom- 
plished fellow-iabourer,  Hr  Clements  Markham,  to  express  the  hope 
that  he  would  succeed  him  there.  He  was,  naturally,  an  honoured 
member  and  Gold  Medallist  of  the  Boyal  Geographical  Society,  and 
an  Honorary  Fellow  of  our  own  Scottish  Geographical  Society. 
He  received  the  LL.D.  degree  from  the  University  of  Edinburgh 
at  Ita  tercentenary  commemoration.  He  waa  also  President,  till  his 
health  failed,  of  the  Asiatic  Society,  and  was  wont  to  urge  ite 
claims  for  support  &om  all  interested  in  oar  Eastern  Empire. 

He  was  always  on  the  look  out  for  fresh  materials  for  a  second 
edition  or  supplement  to  hia  Gloeeary  of  Anglo-IiuHan  Colloquial 
Words  atid  Pkragee,  and  of  Kindred  Tame,i  which  appeared  in 
1886,  the  compilation  of  which,  apart  from  the  sense  of  exhaustion 
which  work  produced,  had  been  to  him,  as  he  says  in  the  touching 
dedication  to  hia  brother,  "  trium  ferm^  lustrorum  oblectamentnm 
et  solatium."  Each  of  the  terms  is  used  as  a  pf^  whereon  to  hang 
the  quaint  medley  of  illuatrations  and  leferences  collected  in  his 
miscdlaneous  reading  and  stored  till  wanted  in  the  chambers  of  an 
unfailing  memory.  The  book  was  begun  in  connection  with  Dr 
Arthur  Bumell,  and  owee  much  to  hie  great  philolo^cal  knowledge; 
but  he  died  soon  after  it  was  commenced,  and  aome  eeven-eighths 
of  the  volume  is  Colonel  Yule's.  The  book  is  far  less  known,  and 
its  merits  less  appreciated,  than  they  deserve  to  be. 
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